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ABSTRACT 



Disclosed are products and methods to facilitate the identi- 
fication of compounds that ure capable of interacting with 
biological macromolecules of interest, especially when such 
macromolecules are attached to a support surface in 
microprray. Asp^cis of the indention concern attachment 
caemi ary, j.icpii- 1 - libeling, antibody preparation, applica- 
tions uiid so on. 
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MICROARRAYS OF FUKO'.'i * A *. 
BIOMOLECULES AND USKn *: " ■''•i.RFFOR 

RELATED APPI.ICATK > 

[0001] This application is based on unr, ;..uns priority of 
VS. Provisional Patent Application No. C> :■ filed on 

Aug. 3, 2000, the disclosure of which is h : i y incorporated 
by reference. 

FIELD OF THE INVENT ' * 

[0002] The present invention relate? io field of diag- 
nostic and analytical chemistry, and p^ru j.; a.ly to devices 
for screening complex chemical or : . i i . a/ samples io 
identify, isolate or quantify component-. inin a sample 
based upon their ability to bind to sperivi. ba. uGg, elements. 
The invention is particularly relaied v = ;;-rociucuon and 
use of arrays, preferably microarray& : oi* :- ; .:dln*; elements 
which are of biological significance or wbi ...incl io ligunds 
of biological significance. 

BACKGROUND OF THE LNV.C TiON 

[0003] To construct high-density an ays ■ =1 Smclional bio- 
molecules for efficient screening of ctn^l^; chemical or 
biological samples or large numbers ;:\ rnpounds, the 
binding elements need to be imm-:<;-v! ? •. onto a iciid 
support. A variety of methods are ;n :b« art lor 

attaching biological molecules to sc; r. ; l ;ls. See gen- 
erally, Affinity Techniques, Enzyme J V Pan B t 
Meth. Em. 34 (ed. W. B. Jakoby ai:t \ViichcIs ? Acad. 
Press, N.Y. 1974) and bnmobilizeditioUu yh and Affinity 
Chromatography, Adv. Exp. Med. Bio;. - -d. H. Duntap, 
Plenum Press, N.Y. 1974). Arenkcv el a I., -n example, have 
described a way to immobilize proteins v .-hilts preserving 
their function by using microfabricated rot ■ aery lamide gel 
pads to capture proteins, and then :r.x\-.:c."-i*ing division 
through the matrix by microelectrophorc ^ ; Arenkov ei al. 
(2000), Anal Biochem 278(2): 123-31 }. T it i tem literature 
also describes a number of different . : ; for attaching 
biological molecules to solid suppor t iV txampie, U.S. 
Pat No. 4,282,287 describes a meir^-.i r-v; modifying a 
polymer surface through the success*" ; -rp p. Station of mul- 
tiple layers of biotin, avidin, and exie . U.S. Fat. No. 
4,562,157 describes a technique for £.{ tannine, biochemical 
ligands to surfaces by attachment M a Soto chemically 
reactive arylazide. Irradiation of the avtide .i^r.tes a reactive 
nitrene that reacts irreversibly with macr-T. ;;it cuies in solu- 
tion, resulting in the formation of a covatei? oond. The high 
reactivity of the nitrene intermediate, h ;* -ver, results ic 
both low. coupling efficiencies arJ i. :•-•;»/ potentially 
unwanted products due to nonspeciyiL u i>-.-Aoc&. U.S. Pal. 
No. 4,681,870 describes a method for j'i •( reducing free 
amino or carboxyl groups onto a silica ra*> in ^hich the 
groups may subsequently be covalenth io a protein in 

the presence of a carbodiimide. In wl.im: : U.S. Pat. No. 
4,762,881 describes a method for au:-.h; :i a polypeptide 
chain to a solid substrate by incorpo. ; :Ji;;: \ 'ight -sensitive 
unnatu ral amino acid group into the polyp-, r.lide chain and 
exposing the product to low-energy MUn . : light. 

[0004] There remains, however, a need : :i more efficient 
and casy-to-make array systems that .'deatifies, isolates 
and/or quantifies components within co/-r::ex samples, as 
well as to screen large numbers of cc -mp;:*^ os based upon 
their ability to bind to a variety of differs r t h.nding partners. 



SUt/ifviARY Or THE IN V£N1 ION 
[0i*U5] Tru present invention provides miciourray assay 
systems vh^e biding elements of interest are io mobilized 
on a subsir.iic a:id are able to hite.'a-.'t with and bind to 
sa.-.^lc aii.s- -'--.-.i. "Hie micro sprays art: useful for screening 
iai^c librari.;;; aaiirai cr £>yn'.hclic compounds- io identify 
.iiiLur.il binding pa. -.ners for the binding elements, as well as 
to identify aun-CLiural binding p&rtueis which may be of 
diagnostic or uhcrspettuc iiiter-ssi. Ti\c 1c vendor" ;s panicu- 
larly useful in pr< ;viding micro arraj'ii of ant LU: dies or anti- 
beciy fragOionLs r.ituh a*; scIV, which liavc pitviously not 
been £ u ?. .;■ U OA y incorj;. or ^; ed in tr. ^ igh-5c>::j i ty arrays 
while r. \ • .1 : --hk . r\ mu, : ir specific bin diu g aci; * T i ly . The inven- 
tion i?so provides methods for using such mfcroarrays, 
mrthodrj for sel*.:c^ngep?.Tcpesforthe ?n1ibcdir:r or antibody 
fragments u:*cfiil i.r; such arrays, and methods for analyzing 
the data obtained from assays conduc-.ed on the microarrays. 

[01^06] Pu f-iab-y. the inv.^aHlizsd binding tkments are 
arna'.gtd In an c.*: :;*- on a .solid support, such a silicon- 
based chfo oi gi^ss slide. Tin: sarfaje of the support is 
cbcAeri tci pi.i-i.ipa, cr are chenacally dtrivatked to possess, 
al b£M civ- itacivs chemical group that cue be used for 
further v. chemis-try. There nay be optional flexible 

inolecuier •ii , i;, a; ..- interposeu between the support and the 
binding 'iH r.^ r.h. flxamj'les of iuch "inkers inclv.de bovine 
seru;n^ii:ruT:.r (li -;A) mnlvc jleG, rrsd^midu and vinyl sul- 
fone %^m:h 

[0007] lu aia einbcdvui'wAts of ihu iuV&atioi'., a binding 
element Ls i":i;n:>hilized on a suppor: In ways uiat separate 
;h: biiKiiiv- -iVs.Ti^r-t's region responsible for binding to its 
cognate Iii.:.-cd ajrd the rtgion where it is lioiied to the 
supper. Ir. a -.Jicftvied embodiment, thu* two regions arc two 
separate, termini, tnd the binding element is engineered to 
form ccvileat bojci, through one of the termini, to a linker 
mc?ecule on tfce s'.'i)port. Such covalent bond may be formed 
through ;« Schiff-hase linkage, a linkage generated by a 
Michael adOir ion. or a thioeiher linkage. In a particularly 
preferred eiTMxv.lir.ient, an antiba'ly fragment ?s e ngineered 
tc coroprisi; ;\ reduced cysteine ai its farboxyl turminus. 

[0008] Ie ,tr^iti;^d errioodimjac-, rx-kro arrays com- 
prise an wzy Ol irnmobiized yet functional binding ele- 
ments at a ciensity of at least 1000 spots per crx. 2 . In some 
crnbndim?n:s, to prevent dehydration, the invention pro- 
vides for addiny, s b jjnectsrit such as glycerol to the layer of 
immobilized binding elements. In other embodiments, the 
invention provides for the addition of a blocking agent 
solution such as BSA to the substrate surface. 

[0GOS] In another aspec:, the present invention provides 
mt;thcKis of libsik t; an antigen such lb at the labeling will not 
interfere with the antigen's binding with an antibody or 
antibody fraarrisiv. In a preferred embodiment, the antigen 
is labeitd its terminal amines after protease digestion. In 
a particuU iiy preferred embodiment, the antigen is digested 
with trypsir/bsfopi bemg labeled with a succinimidyl ester 
dye. 

[0010] In a iurther aspect, the present invention provides 
a method tor detecting a phorsphon'lited protein by frag- 
menting a ca&didate protein into a plurality of peptides 
wherein one of the peptides comprises a known or suspected 
phorsphorylation site, and using an antibody or antibody 
fragment to select the peptide through *oi epitope close to the 
phorspboryUtiuD site. 



US 2002/0076727 At 



2 



Jun. 20,2002 



[0011] In yet another aspect, the present invention pro- 
vides a method for identifying a small mole cute -bat regu- 
lates protein-protein interaction. At wording to tb is aspeci, a 
capture paitein is attached to a support surface anc exposed 
to its ligand anc v, least one smi-.-.i raoiecuje. 11 vj presence 
or the absence of binding b-i:wren ih? capture pro! cin and 
the ligand is then detected to detenviine the regulator-' effect 
of the small molecule. Tn a pre fence embodiment, a, micro ;sr- 
ray of capture proteins that r.ct in the same cellular pathway 
are attached to the support surface ic profile the re^-jhroi y 
effect of a small molecule 02 all these proteins in a parallel 
fashion. 

[0012] In yet a further aspect, the present invention pro- 
vides a method for study; 53 -\ ce'JuIar evect by tv aching a 
capture molecule on > support s.u rh ce to csplury :t ccllulir 
organelle contained in Lso'v.iicn s job r.s a whole-cell h-sste. 

[0013] -These and other aspects of the invention vv ill be 
apparent 'to one of ordinary skill iu l:vj art from the following 
detailed disclosure, and description of the preferred embodi- 
ments. 

BRIEF DESCKiFTiON OF THE DRAWINGS 

[0014] FIG. 1A illustrates exemplary slops cf treating f. 
support surface to attach a ES A molecule to it and activating 
the BSA molecule. 

[0015] FTG. IB ;lhir.'.r: les exen^ary stops of z-.wi:irg .-. 
capture pro ic in ! \ > :h c ' i v .irid B !> \ mo! e :-:u k . 

[0016] FIG. 2 illustrates ?roxirr;::i pbospho-ailiniiy map- 
ping. 

[0017] FIG. 3 A anri 3Ti ill usu 20 an e:^bodirr.or f wh-jn- 
small molecule regulating protein-protein inicracdon is 
studied. 

[0018 ] FIG. 4 A i* -i r::.a.x> spcctrorewiry profile cf ire 
steady state surface proteins fro™ a trpsin digest of SXOY3 
cells. 

[0019] FIG. 4Ft is a mass spectrometry diagram showing 
peptide being a trinity captured by scFv H7 on Ki-NTA 
SELD1 surface. 

[0020] FTC ;s ;i t~:-l ,: s spectrometry diagr sh-.:w~"c.g 
the result o J: a co n t ro i \r eri m e r » . 

[0021] FTO-4D illustrate* the captora of transferrin recep- 
tor ectodomain irypu;; peptide thru :r, labeled with CY-5. 

[0022] FIG. 5 are m?ss spectrometry diagrams showing 
binding by a fusion protein :is a capture molecule versus the 
negative control. 

[0023] Fi'G. 6 are oiiiss spectrometry diagrams showing a 
small molecule competes a ligand off an binding eJerr ems 01 i 
a SELDI surface. 

[0024] FIG. 7a a aci 7 £ ^ how il uo resce a u n i ts d e le c t t d 
from hganci bouiiu to ia: mobilize 3 binding eietuenLs in the 
presence 0. absence u: m iindl r.*.5oi-;cuic. 

[00251 FTG. £' shows fluorescence scans of .Tumanay:; 
that liLve cr.ptujvd EGF.3. TiR ci 'Crhh'.. hi v3riou> 

dilutions. 

[0026] FiG. 9 is a fluorescence scan showing labeled ceil 
surface products from csil lysate being cspf:ired iiy ar vbedy 
mico arrays. 



[0027] FIG. 'A- r.-.-c tJuorescence scans of microairays 
where the captvn unlabeled antigen is detected through 

a second labele.i n ii^ody. 

[0028] FIG, ; -u : ih orescence scans detecting the bind- 
ing of antigens L :v: :•- (i lysates. The detection is through a 
second labeled a*. •■.ir.i-dy. 

DET/".- 1 ' DESCRIPTION OF THE 
INVTZNTION 

[0029] Tlie pr-.v invention depends, in part, upon the 
discovery of ne ^ n : hods of producing arrays, particularly 
micron rr ays. of r^; !.,::■!>• occurring or artificially produced 
binloaica'. niacr :;.^rcule< which may be used to screen 
samples, includ e.; Vrih biological and artificial samples, to 
identify, isolate \n ^'j-jr-iify molecules in such samples that 
associ'^iv with i: ■ . iiraib^ized binding elements. Towards 
thus crd, p;..) ::. : i . cation provides methods and prod- 
ucts ic enable a • throughput screening of very large 
ruunbers of corn; :o identify those compounds capable 
of interacting wiii: biological macromolecules. 

[0030] 'l'he pr - . ^l ;n\ r ention has particularly significant 
applications in .i .-rioo assays, which pave the way for 
extensive ?.vd ci'.- screening using antibodies and simi- 
lar co3tvult:s. A:; : - ics have long played an essential role 
in detsrrr.im'nv. : Unction, in identifying the spa- 

tfotecpcraJ p;;'^ 1 g«:no expression, in identifying pro- 
tein-p^olein ini . . 's. ?.ad for in vitro and in vivo target 
valid alien by pV_ . y;-it: xnockout. However, whereas indi- 
vidual aalibodi: :■: t;fcjM for monitoring individual pro- 
;c;;.rs iron:- oic; r. .-.raplcs, the present invention pro- 

vides Ci-.r the . - of large arrays of antibodies, 

;r;tibody Iragnr.:.". , . znubody-like binding elements for- 
matted for high i .- -c.i.». jViput analysis. This technology, which 
enables comprcr. :;v-.' profiling of large numbers of pro- 
teins from, nc ;r,i md diseased-state serum, cells, • and 
tissues, provide- : . - -iiful diagnostic and drug discovery 
toot. * 

[00?X] O.-i • of ihe present invention concerns 

ic??"ov?.-:;n:s i- ■■• 'iid^ of attaching a biomolecule to a 
solid «;upnorr r-; ■ } r:hcmical linker, while retaining the 
b loki^ica ! frnc - r ■ - ? ■- ! ' t bs ■: molecule, particularly in the case 

o c a cspiure pr . <■->■ r-ii antibody fragment. 

[0032 j I. Suborn (-Support 

[9033] The i . " . .» r.iiys of the present invention are 
formed upon l s !:: i/.n»; or support. Although the charac- 
teristics of these 1. i;i may vary widely depending upon 
ihi intended >;."■■. rh*: basic considerations regarding the 
sbap i , mjieriai ;*a:ce modification of the substrates are 
described belovv. 

[0S34: A Shve- 

[0035] Thi; su .'oi ";ii-s cf the invention may be formed in 
essentially riny >.:.ipc. Although it is preferred that the 
siibstrate has a; - w one surface which is substantially 
planar or Hat, i- ;■ ..v also include indentations, protuber- 
auces, sleps. rid; - : rr tcis and the like. The substrate can 
be in the form o :> :i <"^et, a disc, a tubing, a cone, a sphere, 
a concave surface. convex surface, a strand, a string, or a 
combination of ar.v of fhese and other geometric forms. One 
can also combiu-: -\ \-.t?X substrate surfaces to make use of 
the invention. Or~ : :rmJe would be to sandwich analyte- 
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containing samples between two flat s : jbs;r;i'.o surfaces with 
microarrays formed on both surfaces accorJirM; to the inven- 
tion. 

[0036] B. Material 

[0037] Various materials, organic cr i-.:;: :::ric cr a com- 
bination of both, can be used as supper' fr-.r this invention. 
Suitable substrate materials include, b ji ?.v not limited to, 
glasses, ceramics, plastics, metals, alV)y«- :arbon, papers. 
agarose, silica, quartz, cellulose, poiya.-r .nmiri:. polya- 
mide, and gelatin, as well as othsr pohnnc ■•: supports, othsr 
solid-material supports, or flexible ■neiv.^siie supports. 
Polymers that may be used as substrate had >rfe, but are not 
limited to: polystyrene; poly(tetra)ftur:r?>r *iylene (PTFE); 
polyvinylidenedifluoride; polycarbonate; polymethyl- 
methacrylate; polyvinylethyiene; poly ■■ jyl;;neirnine; poly- 
oxymethylene (POM); polyvinylphenc;, iiolylaciidcs; poly- 
methacrylimide (PMI); poly^Uct- xmi ionv (PAS); 
polypropylene; polyethylene; poly hy di <> t i bylmelhacr y- 
late (HEMA); polydimethylsiloxane; pc-l;,>.rvlauiide; pojy- 
imide; and various block co-polymer . T;;-.- substrate can 
also comprise a combination of mate da Ls. whether water- 
permeable or not, in multi-layer conrigi. : ah uns. A preferred 
embodiment of the substrate is a plain <:.iix7.5 cm giass 
slide with surface Si — OH functionality. 

[0038] C. Surface Preparatiou/Reacth " roups 

[0039] In order to allow attachment by a baker or directly 
by a binding element, the surface of the svr-.-Mrate may need 
to undergo initial preparation in orckr create suitable 
reactive groups. Such reactive groups cou-; : * include simple 
chemical moieties such as amino, hydroxy;, carboxyi, car- 
boxylate, aldehyde, ester, ether (e.g. iiii< other), amide, 
amine, nitrile, vinyl, sulfide, sulfonyl. pruv.-phoryl, or simi- 
larly chemically reactive groups. A'te-v rively, reactive 
groups may comprise more complex m f >ie:ies that include, 
but are not limited to, maleimide, rf-.-.-:ysuccinimide. 
sulfc-N-hydroxysuccinimide, nitrilotriac .M c ?.cid, activated 
hydroxyl, haloacetyl (e.g., bromoacetvi, Vcoacetyl), acti- 
vated carboxyl, hydrazide, epoxy, aziridi sulfonylchio- 
ride, trifluoromemyldiaziridine, pyridylriisidfide, N-acy2- 
imidazole, imidazolecarbamate. vinylsulfone, 

succinimidylcarbonate, arylazide, anhyt- ride, diazo acetate, 
benzophenone, isothiocyanate, isocyanait. i - iidoester, fiuo- 
robenzene, bio tin and avidin. Techniques of placing such 
reactive groups on a substrate by mechanical, physical, 
electrical or chemical means are well know , in the art, such 
as described by U.S. Pat. No. 4,6S1,&70, i..io, irporaled hert in 
by reference. 

[0040] To achieve high-density arrays, :.ny be necessary 
to "pack" the support surface with reaebvs groups to a 
higher density. One preferred method in i case of a glass 
surface is to first "strip" the surface with reagents such as a 
strong acid, and then to apply or reapply reactive groups to 
the surface. 

[0041] . In the case of a glass surface, the reactive groups 
can be silanes, Si — OH, silicon oxide, silicon nitride, pri- 
mary amines or aldehyde groups. Slides : re a ted with an 
aldehyde-conUining silane reagent are pre (erred in immo- 
bilizing many binding elements and are commercially avail- 
able from TeleChem International (Cupertino, Calif.) under 
the trade name "SuperAldehyde Substrates." The aldehyde 
groups on the surface of these slides K\iCt readily with 



primary s nines' on proteins 10 form a Scbiff base linkage. 
Since typical proteins display many lysine residues on their 
surfaces, as well as the generally more reactive a-amines at 
their N- termini, they can attach to the s:ide in a variety of 

nu&iralicns, p-mnitliny ci3jerent srie.s ci* the protein to 
iitcii-ct with other proteins or small molecules in solution. 
Aiicr :t'Tnyi!:g binding eierutnis s^ch as proteins onto these 
aldchyd? slides, a buffer 'containing bovine serum albumin 
(BSA) msy bi- applied to t!*.e slide to block later noc-specific 
binding be,. 'con analyses uiu uiireictcd aldthyde groups on 
ihc j£ide 

[0042] If Linkers 

[0043] 0:;..c the initial preparation cf reactive groups on 
~ht t/uL^iax is conipltivd (if necessity), linker molecules 
optionally may be added co the surface of ihe substrate to 
nukt- i- suv.able for further attachment chemistry. 

f 0U4^11 As used herein, tlic terrc "Jirlcer 1 * means a chemical 
n:.oiety which covalently joins the reactive groups already on 
the siihstratt: and the binding element to be eventually 
irnrrr-biliied, having a backbone of chemical bonds forming 
a continuous connection between the reactive groups on the 
substrate aijd ihe binding elements, and having a plurality of 
freiKy roiari.ig bends sdo*i£ tbat backbone. T inters may be 
selected fr ;> any sui;-£b?e class of -cmpounds and may 
coi3;j:is*j j corners ur copolymers of organic acids, aide- 
bydt-*, ;.xxl: thiols, amines and ih«: like. For example, 
polymcfi: ox copolymer* 0!' hydroxy-, trnino-, or di-carboxy- 
lie acids, su;b as glyceric acid, lacdc; acid, scbacic acid, or 
sajcosi&t tnay be employed. Alternatively, polymers or 
copolymers cf saturated or unsaturated hydrocarbons such 
as 'ethylene glycol, propylene glycol, saccharides, and the 
like may employed. Preferably, the linker should be of an 
appropriate lor.gth tht.t aUo vs the binding element, which is 
to b ; iXtu ^licd, to interac: freely with molecules in a sample 
solution and to form effective binding. 

[QiJ-'*5j T:a -inker in ilu; present invention comprises at 
leas; two rv-iv-tive groups with the lirst to bind the substrate 
ani iht :>scc r.d to bind ti:e binding element. The two reactive 
groups :na\ t of the *aiU'. chemical moiety. The at least two 
rt tC'. ivr; gr:aps of linker rs may include- any of the chemical 
mcuelit::; dt scribed above of reactive groups on the substrate. 
And one preferred second group comprises a maleimide 
group. Another preferred embodiment tor a linker's second 
group is a vinyl sulfone group. It is believed that the 
hyo>oprulicUy of these groups helps limit nonspecific bind- 
ing toy f.n&iytes such as proteins when further assay is 
con.iu zttd in an aqueour, buffer. 

[0046] M Mhods for binding the linker to the surface of the 
substrate w '11 vary depending on the reactive groups already 
on the subsists and the i inker selected, and will vary as 
considered ^propriate uy one skilled in the art. For 
example, wJoxane bon& may be formed via reactions 
between the tiichlorosilyl or trisalkoxy groups of a linker 
and the hydroxyl groups on the support surface. 

[0047] The linkers may be either branched or unbranched, 
but this and other structural attributes of the linker should 
no l interfere stereochemically with relevant functions of the 
binding dements, such as a ligand-antiligand interaction. 

[0048] Protection groups, known to those skilled in the art, 
may be used to prevent linker's end groups from undesired 
or prem:<.tu.-:e reactions. I ? or instance, U.S. Pat. No. 5,412, 



US 2002/007fi727 Al 



4 



Jun. 20, 2002 



087, incorporated herein by reference, describes the use of 
photo-re movable protection groups en a linker's thiol group. 

[0049] In a pr^fcrrec embodiment the linker comprises ;t 
BSA molecule. An example of such an e rabodiirtenl is a 
BSA-NHS slide suitabie for making raicroarrays. Although 
appropriate for some applications, slides func-tioiif.U'.xd with 
aldehyde groups, further blocked with BSA, arc not suitable 
when peptides cr small proteins jlto arrayed, presi.rnably 
because tfrw BSA obscures the molecules of interest. For 
such applications, SSA-NHS shdes are preferred. FIGS. I A 
and IB illustrate a method of making such a slide. First, ;i 
molecular monolayer of BSA is attached to the surface cf a 
glass slide. Specific a iiy shown in i^'IG. 1A, a gla:i% slide 10 
with hydro xyl groups is silanata.J with aminopopyl tri - 
ethoxy sihne (:;tcp 3) before hiring activated with N,N r '- 
disuccinimidyl carbonafe (step 2). The activated amino 
group on slide to tv.fu foivus eovUenl bunds wiih linker 
20, wh:-.ch is BSA (step 3). 'ihen, the surfac-: of tiit: ESA i:; 
activated with NJv'-disuccinimidyl carbonate (step 4), 
resulting in activated curb am ate and ester, such as a N-hy- 
droxy sucdnimidc (NHS) group. Referring to FIG. 1 B, rhe 
activated .''sine. ?.Sji?r:aL-.' s arid gluuimale residues on mc 
BSA react readily wiih Uie surface amines on the binding 
element 30, which is a capiure protein here (step b.) io form 
covalent urea or armde linkage:;. Any retraining reactive 
groups on BSA tire subsequently uuenched wi.h glycii-.u 
(step 6). l"he result is a binding element 30 (a capture protein 
here) immobilized to a support 'Ui through a linker 20 (a 
BSAmolecuie hen--). In contcasi in liie BSA-hioeked slides 
with aldehyde fiiiiciirviaiity. proteins or prides r.rraycd on 
BSA-NHS .«ubs arc displayed on top of ;ne BSA, 
monolayer, rendering them accessible tc rnacrornoJecules i:\ 
solution. 

[0050] in Bicrtng El-mcnls 

[0051 'j T.ie bi;.i.l;:^ * : 'U"- ~nts oi ti e present invention nviy 
be chosen frorr; any oi -\ vansry of different *yp«is of 
naturally occurring synthetic j^c'ecules, including those 
having biologic n J sigrv'toirice ("Mo^iolwrides"). 

[0052] for example, the binding £l orients m; y inch; dr. 
naturally cccurri.ig molecules or molecule fi .ignie;ws such v> 
nucleic acids, nucleic acid analc^t (e.g., peptide nucleic 
acid), p. o ! ysacc ' *. ; -..'i : i'»h< ^sp ;i:*#*;pids : c u p i v-. p r ;-ie in-f 
includLsg glyccp.-^:^iu;i, peptides, cuzym^s ciilluh,.* r-itep- 
tors, a ad inimunoL^vb. -iiivi (e.g.. «.nti bodies av.iht;dy frag- 
ments,) antigens, nature ly occurring ligands, other poly- 
mers, and combination?- or any of ibe abo^e. An:? it is aiso 
contemplated th;!t nal*: raj product- like compounds, gener- 
ate d b v s t a i :■ dar- .1 c \\ c * 1 sy a th or f r. i m sj : : ; : a r. ; I -p « - ' > I 
library -or pararel j:yu;i;e?os, rv:-:-y be unijse:* as Kvidi.^ 
elements. 

[0053] A. Antibodies and Anbb -.c'y Ft ag menus 

[0054 j Antibodies and a:;t&ody fragments are; p:ei'crreu 
candidates for bindiog elements. Ihe?^ Lichid-v t.niieta- 
binduu fragraenis [Yaks). Ia h * fragments, pepsin fragments. 
(F(ab '^i - : t V : : »r m e n 7 O . sc'i ? v. rv f r a g m t n is. si r. i t -do :i j ; u n a n t i - 
bodies, risri's, I*'d :V:.-< r 7»er!fc>, and diab )d cs, as w»-! as 
full-length polyclonal or monoclonal antibodies. Antihot'y- 
like fraOTfmts, such as modified fihronecfin, CTf- A4. and 
T cell receptors (.tir-re-iplaEcd here as weh. Once the 
microaiTiiy has i'oi rned. the ?.n.:iaen binding cornains of 
the antibodies or a;tf:hr\-':y vragmencs may be, ctiiizsd to 



screen for molej-'.^s ^th the specific antigenic determi- 
nants recognized : -v 11 -e antibodies or antibody fragments. 

[0055] In a pref' r:: :'. e mbodiment, to study cellular trans- 
location events suirace expression, phage-displayed 
scFv that trigger . ■■ i ! i r i vroalization of a surface receptor can 
be directly sele">:;i f;*.m large non-immune phage libraries 
by recovering «jfi:j --.n piifying phage particles from within 
the cells. See Be ;orrii el al. (1999), Biochem Biophys Res 
Coumuw. 255(2): the entire disclosure of which is 
incorporated by r..:':.: nee herein. 

[0055] B. Rec; . ' ,;n- 

[0057 J Natural!; o.^uiririg biological receptors, or syn- 
theticsl'y or recc x :bii:.-::l!y modified variants of such recep- 
tors, also may b'; vsed as the binding elements of the 
invention. Class*.:: n; receptors that can be used as binding 
elements include . ::i\:ct:irjlar matrix receptors, cell-surface 
receptors anu in.. . vi!ar receptors. Specific examples of 
recepto : s i n duo v i n :> k \ ; ie ctin receptors, fibrinogen receptors, 
mannose fi-pno. 4 :!; yz-x. receptors, erb-B2 receptors, and EGF 
(epidem:.\i gro\v :i in*. lor) receptors. 

[005,?] C. Rec:: -....r : .:gauui 

[v\:5.v j ^imilai " , . rurally occurring biological receptor 
ligands, or syntb:i or recombinantly modified variants 
oi r such ligands, .'..so jiia> be used as binding elements to 
screen for ihsi: ijc binding partners, or for other, 
non-natural bindi-.^u partners. Classes of such ligands 
include hormon-.:- ^r- vnh factors, neurotransmitters, anti- 
gens 3 ::t3 c.^n be -■'■•.ig-.u'-ispiayed. 

[00(i01 D. Mo.!i : .: i; -s for Coupling to Substrate/linkers 

[0063] As w:".') \ :: -.parent to those of skill in the art, the 
"oiad-ing clement : rw. y be modilied in order to facilitate 
attachment, thro c t alent or non-covalent bonds, to the 
reactive groups • ' *." e surface of the substrate, or to the 
sv re-.ctive ^ s of ?. hnker attached to the substrate. 
As examples of ;\ !: -'.edifications, nucleophilic S-, N- and 
O* ccntaiviiig gi > : pi' .r.i.y be added to facilitate attachment 
of the binding eV. 10 the solid support via a Michael 
addition reaction lb« imker. 

[0052 i To pres- v: the tending afilnity of an binding 
cleraciv, it is prcf . that the binding element is modified 
sr. t;i;; it bir ds t ;b ; .Avpport substrate at a region separate 
from the region n. >ponsbIe for interacting with the binding 
nerneiu's cogn ; : . iiid. If the binding element binds its 
ligatid at a ilrsl ^:r:.:. ; ::u = , altaching the binding element to 
the s^ j'cr! at a : • .:£; : *r opposite terminus, or somewhere 
in betweer- the tt nin nay be such a solution. In a preferred 
Ci\\:.\K ''hii-raz, \v . binding element is an scFv, the 
pr;5tiit inventio : .-id is a modification method such that 
itic *-.cFv can b-: . ;ed to the surface of a glass slide 
:hro*;gh bin din-:, r. electrophilic linker, such as a 
mitlcimicc grtmp, wjiho-il interfering with the scFv's anti- 
gen-binJ.ing act'i >y. A^OTding to this method which is 
detail:? in iExamii"-: «" 0;, an scl T v is Qrst engineered so that 
its carboxy-tenr i ' ■•: '•■ riciudes a cysteine residue which can 
?.hen ioiin ». cov j bfuid wiih an eleclrophilic linker such 
as ibe mubiar^ ;:.!V:up. Similarly, a binding element's 
N-terntinus can '■>■: ;:i:;:ijiserd to include a reactive group for 
atiachraent to the sii|..»(*il. surface. 
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[0063] E. Coupling to Substrates/Ur w 

[0064] Methods of coupling tht bi--A' ; :eircrt ic ;hc 
reactive end groups on the surf act? of ti-t v.xzIj- or on i *z 
linker include reactions that form linVv... . h a* ihktl-jor 
bonds, disulfide bonds, amide bonds, i . : U; bsrufc. ur&i, 
linkages, ester bonds, carbonate bonds, ; t; bonds, hydra- 
zone linkages, Schiff-base linkages, ; -ivl -.. -ovale ni link- 
ages mediated by, for example, ionic -:■*. ir rr^phebic inter- 
actions. The form of reaction will dt ' -cmr* : ; ,.pc c 
the available reactive groups on both . i - v r&tt .11- hn: a ?ai 
binding element 

[0065] As discussed in the Exam pits sivuon be lew, a 
Michael addition may be empluyed to fr . r r/ompouacU lo 
glass slides, and plain glass slides rc^y : .. . . vilified re give 
surfaces that are densely functional! v\:; Uh makuniiie 
groups. Compounds containing thiol a; .;/ .. ';ch :is an scj.'v 
modified to include a cysteine at the cari ■ ' .o animus may 
then be reacted with the maleimiries v .. --^i a tnioeiacr 
linkage. 

[0066] IV. Formation of Microarra\:. 

[0067] In one aspect, the p resen i i v ■ ; ov iu t.s ; i ; j L »- 
ods for the generation of arrays, i.. hi^b-Kieniiiy 
microarrays, of binding elemenis imn> : . , ; :*n a s ib: -ru:e 
directly or via a linker. According to ■ .cthyJ; cu the 
present invention, extremely high densiiv :ni:ro arrays, with 
a density over 100, preferably over i0 i'. . farther r inf- 
erably over 2000 spots per cm 2 , ctn be : n - ■ by a-uscblng 
a biomolecule onto a support surface • ' '".as freer, lu ra- 
tionalized to create a high density ; .^e grc.vps or 
which has been functionalized by th;: Ion ol 2 high 
density of linkers bearing reactive groups, 

[0068] A. Spotting 

[0069] The microarrays of the invem r b^ crocl u t:U 
by a number of means, including "sp >:.; •« where; r; soi&ii 
amounts of the reactants are dispensed 1 . - :. - . cular positions 
on the surface of the substrate. Methods ■ or ; posting include, 
but are not limited to, micro tiuidics prinu>nj. fnicrostamping 
(see, e.g., U.S. Pat. No. 5,515,131 and L :Vw No. 5 731, 
152), micTOCOntact printing (see, e.g.. V' Publication WO 
96/29629) and inkjet head printing Gi:r;r; ■ the dispens- 
ing device includes calibrating mem:- -ttatroHing the 
amount of sample deposition, and : - ; .-so include a 
structure for moving and positioning ihv. > ■. , -pie in relation 
to the support surface. 

[0070] (0 Volume/Spot Size 

[0071] The volume of fluid lo be per hiidiog 

element in an array varies with the i a n. i S ^. : o f the a • ra y, 
and available equipment. Preferably, \o. : .:v;ie for recti by 
one dispensation is less than 100 nL : .x h. ^ referai.»lj less 
than 10 nL, and most preferably about 1 nl The size cf the 
resultant spots will vary as well, ana lis ■.varied etnbodi- 
ments these spots are less than 20,000 ^:r. : diameter, more 
preferably less than 2,000 pm in dian* ■-. *nd mosi pref- 
erably about 150-200 fjm in diamcur ; : in about 1SCM> 
spots per square centimeter). 

[0072] (ii) Viscosity Additives 

[0073] The size of a spot in an nvr,. ■•..*.- : :.ponding '.0 a 

single binding element spot may be : th tough it e 

addition of media such as glycerol or : that j ncruiust 



thi-- visuosii> ^J. liic ;A>]uijvir., a:ad i:ie::eby inhibit the spread- . 
ii'jk, cf *he ;,oiLiti»;ii. Hydrophobic boundaries on a hydro- 
ri^iiix. iui stratc sujir.ee can also scrv<: to limit the size of the 
.spots 1 ion, pricing «g aaay. 

[CO"/ 4*; :\duing a humca aii>. to i \c >otaucn of the binding 
clticieai ;uav aiso ciiccuv^iy prevent the dehydration of the 
3??crnj-.i7£:ys. once ±ev creah:=:i on the surface of the 
sub;;-:r:i .t . B-'raust.' dehy::*';rvjn rr,$ul\ in chemical or 
stcrcrKr>:--;nri.cal i:h;ioges bii'.dii?fi ehjmenLs, such as oxida- 
ii^n or. ra the case c»!:*p;o*'.*iris, deaaMration. the addition of 
a buiTiet:tar; r . c;an act to prrssrvt- and stabilize the rnicrc array 
and mainiah :he function ?.lity of binding elements such as 
scJ'v. FV>r ex iiriiplc. in son>;- preferred embodiments, scFv are 
cojp?ed lo inaUimulc-derivatized giass in phosphate-buff- 
ercd saiine (i : BS) solutions with 40% glycerol. The glycerol 
aeijis .'jjiuitaiu cc -aiaueJ h v^rai lc;.: which, in turn, helps to 
pre* - e 1 d den 1 1 iirat ioi; . 

[0075] \iL) Blocking A^c* 

[0075/1 So!.;d^r:; o^b!:)::;;:-^ z$-iy:., may be applied to the 
;T:ti;;.0i ;-:r/^ .0 p; - £W.Vil *o-spci;;i : c bindrsg by reactive 
groups V-Mii have no! b.-Mi -: \o v. hii oing clement. Solutions 
of bovine seium albumin ■; iHSAj, casein, or nonfat milk, for 
exampk-, miy be used as olocicing ugenls to reouce back- 
ground binding iu subsetjiSr-ni assa ys. 

[Ott77} ;iv) Kobol-cs 

7; r : s. -ife i.-st 1 o mbodl: v. t- i . i> . I : igb-pre cisioc, contact- 
prir .ir g robots are used to pick small volumes of dis- 
soiv-iC blading elements fron: ih^ «v«lu» of a inicrotiter plate 
and to ve >eu lively deiivc; ippio^iiiiateiy 1 nL of the solu- 
iiO(\> tu f.'jf: wd iGwati<j;ts :: ihc y. -.r:\ces ot substrates, such 
as c;»:inii-::ily-tterivsiiAi-.»j gi«i; ; i: microscope slides. 
£x;iiijf>.-cs <. \. si-en roi:.o;:i include ;:ie GMS 417 Arrayer, 
com:iieri3aUy avaiiabl:; i.soin Asymetrix of Santa Clara, 
Cahr., *nd a spht pin .*urayer constructed according to 
instructions downloadable from htlp://cmgm.stanfordLedu/ 
pbrown. The: chcraically-d?rivauzed glass microscope slides 
aru preferably prepared using custom, slide -sized reaction 
vessels that enabU the unifonn application of solution to one 
D,.t. :>f tho t'ids sho>vn di f cussed in the Examples 
secno: 1 .. This rcsiiUs the forcna ion of microscopic spots of 
cou.pounis on the slides, h will bt appreciated by one of 
ordinary ikill in the art, hovv.;ver. thai ihc current invention 
is no; Ii:i.:itt:2 to Uie dclivt. y of . t . r.t. voluuico of solution, to 
.he u.Sw *.f patticukr io:';):u* ccv^es, cr to the use of 
cherinc-.uy --cuvaazcil ^•..'ss' Jshctt?. and that alternative 
ir.fc a ; • r> « ■. : : c e I . > t- ry can b t: • * s c d that * :t cap able of delivering 
pico:.iicr or smaller voiurt/ss. Hence, in addition to a high 
precision ai. :iy robot, oth:: means ibr dehvering the com- 
pounds can be used, including, but not limited to, ink jet 
printers, piczoeiecxiic pr;i\Ui.$, a ad small volume pipetting 
robots. 

[0C79] "H. In Si.;!- :?lioiocfcf.n3istry 

[C0r;(»] \u foimiag arrays o: Tii::ro.xrays of molecules on 
ihe surface of a subsirate, t-: Kicu pt ot ^chemistry maybe used 
in cr>mbi ..ai.'on v/ith pho't ^ r:;\ z'-n'-U reactive groups, which 
ma> be !:cisv-ut on the surt^ce »1 tiic .rubstrate, on linkers, or 
on blsoirg Jeinjenis. Suet: ^Dotoao.fvatable groups are well 
kno\*a tii f - art. 
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[0081] C. Labeling 

[0082] B i ndin e ele m e n t s nr. ay be tagged" wii h fluo rese ; m, 
radioactive, chroma V and other physical or chemical labels 
or epitopes. For ccnain preferred embodiments v. . x:t- quan- 
tified labeling 15. possible, this yiUcs grea; adv.u-tagt: fo* 
later assays. 

[0083] In a preferred emhodmv:ni . a fluorescent dye con- 
taining a hydrophiiic polvner rnciety such as pnlyethyl- 
eneglycoi is use;!. 

[0084] V. Samples fr.r Assays 

[0085] Upon foj-ci&uoii of micro arrays of binding eJe- 
menis on ;he solid support. Urge quantities of samples may 
be applied to ihe support surface £oc binding assays. 
Examples of sur/h sv. trip sis ii:;; a^ foliar-: 

[0086] A. Body ?bi ids; Tissue and Biopsy Samples 

[0087] . Siurpl-.;* :o c z as< aye J using the /nieKur^yy, of the 
preseni invention may be drawn from various phy.vological, 
environmental or artificial sources. In particular, nbysblogi- 
cal samples such as body fluids o- a patient o: ar organism 
may be u.?~d as vssay samples. Such fluids include but are 
not limited to, saliva, mucous, sweat, whole blood, scrum, 
urine , gen ital fl i ; ids . Yc a I ! ,r. ?. : eri al , m arrov/, pi »s ma, spina I 
fluid, pericardial .fluids, gastric fluids, audominat fluids, 
peritonea 1 , fluids, pieural thuds and extraction from olb'.sr 
body pans, and sr;-:.ct;on trom otaer glands. Alternatively, 
biological samples rtrnwn from cc-iis grown ir cuUirc m-iy 
be employed. Such samples i.- chide supernarants, whn.'e cell 
lysLirf.. or cell iVy-~ »:".:-rr-: oMiineo hy lysi^- i:nd H*: ;:;!onation 
of cellular materisd. 

[0088] Is Cell Kx'vacts 

[0089] rixtracis oi ce!& and iVac lions ifcirtof, 1 Licjiiciiii' 
those direcjjy fro-n biolc^jcal cniiiy p.nu .."iose grov.-n in an 
artificid environment, car also be used to scree: j for mol- 
ecules in the lysines that bind to a particular bidding eie- 
ment. 

[0090] C. Nornn;;! Disc used ^mpi,:s 

[0091 j Any oi iYx ax. ve-ue.scribed suaipics ror*y re 
derived fr:.-:a cci: p.>pj£a T .ion:» fi^rr a aorma! -;k eii-:eas;d 
biological en -it v. 

[0092' D. Tre; : Uo v. Uncreated' Samples 

[0092] /*ny c7 above -described samples may b:r 
derived frc-rn cell. populations which have o- ha' v. no f . been 
treated with coT.pc-W:ds or otby.r Meatmen^ ^Viicli are 
believed susp --lee ui" hsing 'either delete .-io"*:; ;-r benefi- 
cial, and di ■Tsar.' cos between vne treat 6i.es ;:nirei*.tcd 
popu}f.\ior:s m^y ; ;c us^.d to assess the eD'ocis ol die treat- 
ment. 

[0094] E. LabeJ-'ng 

[0095 j Sp^ciiiv m:j!:Lc.;les ia a gtvei sample rn-iy ; : c 
modified ;o en; : >;;c Ucer dzicctior.-. by using lechniqucs 
knowi. to oac :. s * iu-db.;:v ;k:il the urr, su;:;» a:, using 
fluoirti^cint, ;"id:c..-u*.t:v'e f chr.iriuli- iind other physicsl or 
chemical labels, lo a pr«;f erred embodiment, a fluorescent 
dye containing a hydro phi lie polymer moieiy such as poly- 
ethyleneejycol f.e.g. Muorescin- 2f KKV-rrl^v :, ; ussd. 
Labelif^i c;-n be :.ccomp? ; shed J;:..ut!h duect U!;c!ing of 
analytes in tb.e sample, or through li beling of d i atlinity lag 



thai recognizes a ■ i =. nnlytc (indirect labeling). Direct labeling 
of sample analy'.ts with different fluorescent dyes makes it 
possible ;o cond •;■ . . . ;sHiple assays from the same spot (e.g., 
measuring large li r. i.^i's expression level and phosphory- 
lation level). Wh-::3 it.-: analyte is a phage-displayed ligand, 
the phage- may be : r*:. - labeled for detecting binding between 
the ligand and ii--; m?croarray of binding elements. 

[0096] Under 'he direct-labeling approach, sample over- 
labeling has Jor:t. been recognized as a serious problem. 
Over-labeling oi prr.i ; ns can cause aggregation of protein 
conjugate, which i.-.nds to result in non-specific staining; it 
can also reduce :n!:K.dy*s specificity for its antigen by 
disrupting antibody's epitope-recognition function, causing 
loss of signal. I' ■•/ :\\ known in the art that, to mitigate 
cvu-U- : .>:!L']g, o. a j -t" to either shorten reaction time for 
the ?i*:eiinf; vi- ■ ; : - increase substrate dab el ratio. A 
soiutit n :o over--..-* •:. 5 v^t to first digest a whole protein into 
peptides and Li<:;": :1 \\i2 termini of the peptides, which 
avoids i al icling >\ ■:. : : : : t :* tu a 1 ep itopes . Accordingly, the label- 
iiiii pi o^s?. 21a/ ; ■ • to completion without one having 
to worry abcut :- r- labeling and thus giving a researcher 
more complete c: ;..r,;) over the labeling process. Moreover, 
if the potential irii^ sites on a peptide is known, it is 
possible to qua; v.\iy labeled peptide once the peptide is 
capiut-ed ihrcugl. hiYl\ •••v* reagents that recognize an internal 
epitope. Ai: app*L;.i..it:-ii this method would be to quantify 
labeled peptidf - .U^jMtd from whole proteins in cell 
extracts i\.<r quaj. L ii:-. ;.: analysis of protein expression lev- 
els. 

[00S7] a p embodiment, whole proteins are 

digtsle^ ; '.ih \ ; , . :i; oifure subjected to labeling by a 
su2ciui-.:-ic.yl cs, . •••• ^u~li as C>3, Cy5 or an Alexa dye. A 
succhii.i.idy;, l..: ..; -y: labels primary amines, such as the 
one :c iy«-inu. 'IV- ; >i. oleav»s after lysines and generates 
pepdd'.i: with b, ?:!* .s their C-ierminus. Therefore, pep- 
rid:;; resuming 1' . : trypsin digestion fall into two catego- 
ries: ih os':: w/h v.:: i ;.e and having a primary amine at the 
N-lomiinus. lt.c ; -.^ : -vith a lysine at the C-terminus and 
hi nee primary tv: -.\y-y.. botli termini. None of the peptide 
would ho .x any i . lysine. As a result, a succinimidyl 
ester dyt; ^tl c;- '» ^Sel tryptic peptides at their termini 
wuhovt labeling - v; iiuernal epitope. 

[0C*> ^ I:- r.n . ; «:i\»r embodiment, one may use a 
p:t«!eacu oilier d;...: i.yp^'ii :o digest a whole protein and still 
ui,i ivcciti:;-::.;;'" dye for labeling as long as the 
pep l ice ;o h> c; : : : -.1 duos col contain an internal lysine. 
That ;vay, label:.:- : wi-l s: ill only occur at a terminus of the 
.seiei;.;.d p-piidc. . a peptide may be used as a prefer- 
ential pannj::g y -,; /k- Jz take advantage of a preferential 
panning pepi-'c.^. iriiinu.ioglobunn is first raised against 
±c pcpziic. Se .^onple, e.g., from a whole cell lysate, 

ii digested v; ith • : - ... . a:%e or a combination of proteases that 
will generate *.h; ; : i . fie panning peptide, resulting in a 
3i:?;ary of pepu": i* L .ii;c peptides are then labeled to 
completion with a : _cviniioidyl ester dye. A large excess of 
reactive labeling ?~xr:zr\z may be used to ensure complete 
labeling oi the i..:-.r.-.ysine containing peptide. Then, the 
labeled peptides re applied to the immunoglobulin for 
capture. 

[C-?99j E;-aui-. amount of labeling on a preferential 
psniikifc pep lid; : !;iic./a t one can quantify the amount of- 
such p.,piki: ic . *, sajriplc thiough the amount of label. 
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signals detected after affinity capture ■; the ntiinVr of 
such panning peptides resultiag from ib:V. ease dige stic :: 
of one target protein is known, that nvjr.' *■:■'• can be *;iis:iy 
translated into the amount of the target in the SEinp'.t:. 

Amino acids other than lysine can a-s- ; < .getcd for -j.se 
with this method. For example, proteins ) imited number 
of natural or added cysteine may be sek-'r-o (.1 or constructed 
to be labeled, via a reduced thiol wi:b m^Hmide-coutiled 
dye such as maleimide -coupled Ale?:& 4?v: (commercially 
available from Molecular Probes of ?Ir2sv. Ore gen). 

[0100] Indirect labeling of an antigen malyte may be 
achieved by using a second antibody or ar tibody fragment 
that has been labeled for subsequent : :.^xuon (e.g, with 
radioactive atoms, fluorescent raolecuUsj .-. a sandwiched 
fashion. In a preferred embodiment, arc :\ty^xxi that binds io 
a microarray of antibodies is detects iivough a second 
fluorescently labeled antibody to the- ar:i,\: v.. obviaiing the 
need for labeling the antigen. In a furUic •■ pi . C^rrec embodi- 
ment, the second antibody is a labeled chigv particle that 
displays an antibody fragment. Stand* n* "hage display 
technology using phages such as M 13 ":mv be used to 
produce phage antibodies including ^nt^ndy fragments 
such as scFv. This allows relatively easy ^ t : last production 
of reagents for sandwich detection fr -ir phage display 
antibody libraries. To ensure that :ht p'-Uage antibodies 
recognize an epitope different from the cm hat the immo- 
bilized capture antibody recognizes on niigen, sekclio/:. 
from phage display libraries may be L;.;osd out in :£te 
following way: (1) tubes are coated with tv; same antibody 
that is immobilized in microarray for -,-ap. us purpose, (2) 
the tube is blocked and the antigen is adit : u:d captured by 
the coated antibody, (3) after washing, phage antibody 
libraries may be panned in the tubes. The isolated piiage 
antibodies (or polyclonal phage antibi dy;. will only Uind 
epitopes distinct from the epitope ihv ensure antibody 
recognizes, and are thus ideal for the saudwich detection 
approach. 

[0101] F. Contact time 

[0102] Binding assays can be perionin -\i by exposing 
samples to the surface prepared au.>: i,:vt to methods 
described above. Such a surface is first ex;:- ted to a sample 
solution and then incubated for a period u. Jine appropriate 
for each specific assay, which largely depcads on toe time 
needed for the expected binding reacJo;is i' .is pn>cess can 
be repeated to apply multiple samples either simultaneously 
or sequentially. Sequential application >n" ^'.Uiple samples 
generally requires washes in between. 

[0103] VI. Binding Assays 

[0104] A surface prepared accord in & ? the methods 
described above can be used to screen lor molecules in a 
sample that have high affinity for ifce h riding elements 
attached to the surface. Specific binding ma be detected and 
measured in a number of different way*, a -pending on the 
way the target molecules in the sample :.r iaoeled. ii ai ali. 
A common example is to use the technics: of autoradiog- 
raphy to detect binding of molecules prc -lai >£<ed with radio- 
active isotopes. 

[0105] In a preferred embodiment, fluoresce at dyes (CY5) 
were used to label proteins in a givzr. staple before the 
sample was applied to a slide surface p:\nwc with rdicroar- 
rays of functional scFv. After incubation a\d washes, the 



slide ^urfaot w*.s : :au dncrl ;-.nd Li^d^ed cn a molecular 
dynamics STORM or ArrayWorx™ optic?.! reader from 
Applied Precision of Seatt-o, Wash. 

[0106] In another preferred embod-in.^-it. >eccndary anti- 
becies labeled with fluorochromcs such as CY3 were used 
for Jater deiucliun of a primary antibody participating id the 
biiid'Jg. 

[0107] Various defection methods known iz \hc an n'cch as 
m< s& spectfiur.et.p/, surface plasmo.a resonance, ajd optical 
spectroscopy, ;j name a few, hi uit-d iu itis invention to 
all aw detection of binding, even if binding targets arc not 
labeled at ill. 

[0108] V\L Analysis of Assay Kcsui-s 

[0109 j A. Detecting Presence/Absence iii Samphs 

[0110"; This invention cart be used io confirm the presence 
or the absence, in a biological sample, o: a binding partner 
to a moUcule of interest. 

r J)Vl] E. Determining Rarlos Sample? 

[011.2] Ratios of gene and protein £Xpres?:icn in ciitlerent 
ce.U popuj *!ions, surh as between a normal and p. diseased 
state, cun bt calculated tor compsrisoa. 

[0113] Vfil. Appiicatioc^Otilities 

[0114] Me ihe raoxcuics o:." biological significance 

tbn cm be .^nidied hy tnis invention include, but are not 
limited to, those involved in signal transduction, apoptosis, 
dimenzation, gene regulation, ceil cycle i.nd cell cycle 
checkpoint?. and DNy\ dumage chtd^poiuis, the pn-sent 
invention h.-is broad applicciions in ihe research of biological 
sciences and medicine. 

[01J.5] As will also be appreciated by one ot ordinary skill 
in the art, protein arrays may also be useful in detecting 
interactions between the proteins and alternate classes of 
molecules other than biological niacromolecules. For 
example, ins arrays of the present invention may also be 
useful the Jields of catalysis, materials research, informa- 
tion storage., separation sciences, to name a few. 

[0116] A. Targu; Discovery 

[01171 It will be appreciated by one of ordinary skill in the 
art that the generation of arrays of proteins having extremely 
high spatial densities facilitates the uetection of binding 
and/or activation events occurring between proteins of a 
deir.ed set and biological macromoleculcs. 'lis us, the 
present ■ eviction provides, in one aspect, a method for 
identifying ;noU cuUr partners and discovering binding tar- 
gets fcr :Vjui:rcmol^cu*es of biological significance.. The 
partners may be proteins that bind to particular macro mol- 
ecules of interest and are crap able of activating or inhibiting 
the biological macromolecules of interest. In general, this 
meihoc. involves (1) providing an array oi. one or more 
proteins, as desenbed above, wherein the array of proteins 
has a density of at least 1,000 spots per era" (2) contacting 
the array with one or more types of biological macromol- 
ecules of interest; and (3) determining the interaction 
between specific proteins and macromolecule partners. 

[0118] la a particularly preferred embodiment the inven- 
tive arrays are utilized to identify compounds- for chemical 
genetic research. In classical genetics, either inactivating 
(e.g., deletion or **knock-oul") or activating (e.g., onccgenicX 
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mutations in DNA sequences are used to study the function 
of the proteins that encoded by these neces. Chemical 
genetics instead ir.volves the -.is;: of small roolrtmles that 
alter the function of proteins to wbich they hind, iivjs cither 
inactivating: or activating, protein Unction. This, or course, 
the basis of action of most currently approved small mol- 
ecule drugs. The present invention invoK-ed the develop- 
ment of "cm*p-like*" technology to enable the rapid .(election 
of interactions brnvrcer: small molecules and specific pro-, 
teins of interest. Trie methods and composition' of' the present 
invention can be used ^> identify ST7)a!l molecule hgmds for 
use in chem ical geecric research. One of ordinary skill in the 
art will realize thai the inventive compositions ind ncethods 
can he utilized for other purposes that require a high density 
protein format. 

[0119] B. Signs! Transrii-^ion 

[0120] Another piefcr.'ec ercoodiment of l.ht oiadint; 
assays performed ;a inU>icvtmio:i.is to study modulation of 
protein -protein interne 'ion by smaii molecules. These assays 
measure either the facilitation or competition ivi co^mrx 
binding by different molecules in order to help vmderUanri 
aspects fi'b indi n i d y n :-. m ics uncle r var yi ri\i con d ■ t it i as. I n a n 
exemplary embodirntiJi. a capture prdein h iUschtci on a 
support surface in mictoairay, cognate ligands nr.: sdusd u» 
bind tr. iht capmrr piUsin. The binding between the capture 
proteiii and its cognaie iig&nd is monitored and compared in 
the presence or absence of a smaii molecule that may be a 
drug candidate. In a preferred embodiment, various capture 
prole ins's interred or v'itli v.->rioi;s ligands affccLed by vari- 
ous small molecules are invcr-tignted in a nv.Hi-nl*:< fashion 
on a micro array cw. 

[0121] Protein hrx n.:;:'ors ofuc occji through coT^-iins 
that are sometimes c&Iit:d biodin^ rno'.ifr.. \i is in iho<e 
regions that small moIi:cj>.s thai aro effective ;vL rcgulai.kij 
protei;: ir.^ractiMr:. aw roost 'ikoiy -o w.iil. I/owr.'e;. 
proteins wilhin : \ iV-ui'iy .end shw-.-. r-r-r '-rI::gou:; 
sequence::* -hat jonrri!<uf^ io fortVing bimJ. : ::a rioiKr uiid 
protetT:-. !'*,ftt oocvAr- .Stse noti!:* *.\U:q have s'.r:.!Ia» Unc- 
tions. A y-roblen ; r. screening fr.r drugs that rcgula'e sue!', 
protein fu rations i"*; :->»ta*r-irg specificity in *hesr screens as 
the iargt-U amorg 'hi V'ndir.g motif famiiy of proteins ""c 
similar ir struct'.irc, *!:?.:! hfvc sii"ihr hi'-.di:-g ft ?r s. T'.-e 
proteir. micrcarri^ -serine*! :*igy disclosed b.c& pci.-ntv cfli- 
cient r.rd easily ro e,tf ;ibit- steps for determine spociricity of 
small molecules foi regulating Urge numbers of motif- 
con taiaing protein lamily memoers, and wid great ly i'aciii- 
tate the process of drug, screening. 

[01221 \u arj v;<e Tip'aiy tfrnbodiujcr;" , r^i*;;.^' i\ n£ the- 
• Bcl-2 Jfazjily, knov/G to affect icli :;po;*tosir. vs *:i-id:cd. 
These proicins >inrr».'">-.07:;- r i.i crimbiiniiov* -of four 

Bcl-2 hI:ir::.:ogy t ;:ii':;: ; (HHt -"-T Tl:-o Bci-?. iisnvy prctei^s 
function in eithc" pivee; celU A^tinst apto^si*? or to 
promote aj'Opto.^-V" by rf juialicg. r nf-:-ibr: , .ne behavior nrid *"oi\ 
channel f:'-ctio-t a* -bi- T?irr?i:hondna nnd. thr. fn.i^plrstm'c 
reticTTlvm. Th? ?n i-;':>^r' itir famiiy mcmbfrs. Bcl-2, Bel- 
XL-, srd z'w- 111 rcur c:.--r/r.ins. 'Hv: 1. ^ro^p 
of pix>-cipor;to-.fc n: *n^:^r,% 3.~cl, Uic\ B'jg-:i. i ftt)^, &nd 
Noxa contain oniy BH-3 detains, u'hile pi*o-apo _ e *:oiic pro- 
teins liaK and (Mifii\:!o(:;aiii rrj-nj^optolic urotf'r.:?) ooiUiiin 
BH-.l, BF.-?-, and B T -I-1 : di.- mains. 

[0123; Method of rhr i- vtmkr c.iTi be ii-Z.-crcf^. fo- 
smal? r:io}i:.vde^ .ii; ; t re; ; ii!r:k:f.be f- nvrion --f^ri r« f;mii> 



of apoptosis-regv.l tr g proteins. Such a small molecule may 
mirric rhe funcp n • a BH-3 protein and serve as a drag 
candidate. Refer--.-.:: to FIG. 3A and 3B, recombinant 
fusion proteins f . * iV.'i 13cl-2 family of apoptosis regulating 
proteins may be ;j red by standard methods and printed 
in microarrays a-; -ending element 30 on either BSA-NHS 
glass slides or ?.:d'.-.hyde derivatised glass slide 10 as 
described earlier ir rough a linker 20. Ligands 80 for these 
proteins such as : fid! Itngth Bcl-XI^ protein may be added 
in the absence or :irr.srnce of a small molecule 90 such as a 
BH-3 containing ;i. r i " ; -*c. from the Bcl-2 family protein BAK 
or a small moleci : e i! ',: - mimics a BH-3 containing peptide. 
The ligand 80 ; ' :-t iabeled with a fluorescent dye (e.g. 
CY5). Concentr;.*: ^ of the printed proteins, the ligands, or 
the small moleo .. y be varied, by itself or in combina- 
tions \Mih othe v. '.he. siides may then be read using an 
opiicai reader sl, i: .rs iiie Arrayworx scanner and/or con- 
nrmed liiijugh • spectrometry using commerically 
available masss* :.:i.Mnieiry chips. The increase or decrease 
in the signal obu ^ .-.o uom bound iigand can be used to chart 
the regulaiory ro:.« of the small molecule, whether it is 
up-regulatory oi . V w;;- regulatory. Using the method of the 
invention, multiy. capture molecules, multiple ligands and 
multiple smaii r, * .jcchJcs can be screened side by side on a 
single array sup; ■< ;i (;;.•:. a 96 well plate), greatly increasing 
efficiency in dt\\i -v: ;^ ;;ing. Amore detailed example can be 
found in the Ex ;--tx<.-. S ection E (iii). 

[0124] Anothei i ri t >;e of the invention's application in 
studying si&r.al : ction is to screen for small molecules 

thv. iiihibir pro t . *a>\\n binding in the apoptotic pathway 

thi'irjch tin: B>i- : -: . .leu of rnuJtidomam-contaimng BC1-2 
frimiiy nieiLbcr:^ 

[0125] C. Pro';:- : ;>:piv-siion 

[012oj 7b date , . ter; are do published reports on microar- 
ray-hased deter. i.^-j of proteins in labeled cell extracts. 
Laoeling and d<. . . or of. cell surface proteins would allow 
par iiie 1 picfiiiv:^ n .triple cell surface antigens. State of 
the ai l in txl: sui * ^ . : oiecule profiling is by flow cytometry 
or fluoresce nee- r :-;r'\*copy, currently allowing 2-5 different 
anti^is to be pn ■ ; V- *■ in a single sample. Antibody arrays 
in ihc-nry -< Uo*v . c !c..oct:*on of an unb'mited number of 
a nr :'gcr.'CN. J 7, ■ v\\v < ; ■ ■ . a at ibody arrays have the potential for 
delecting intra-: '■■•hr proteins and protein modifications 
such ?.» ph.osph - h::ic n in parallel with expression. 

[01271 In tn e> ■* ■ripia'-y embodiment, monoclonal antibod- 
ies io cell surftic proteins such as c-ErbB2, EGFR, and 
transit-rrir: rccciv:: ; rj arrayed on a BSA-NHS slide by a 
CMS 4.17 array - : cells from a cancerous cell line such 
as :bt i ipiderrru: ' I : i - onia ceil line A-431 or breast cancer 
cell SK-BP. \ ro. y be used as sample cells. Cell surface 
proteins are pu . j! '.abc-led with a dye that contains a 
hydropbilie poly; a; ncieiy such as a polyethyleneglycol, 
which bar. shc^'. !:•. -.>d specificity, low background, and 
does col label y y inside cells. An example of such a. 
dy . fii'ori ^.c : 7; : : ' « «" t '00-NHS dye available from Shear- 
\v :.!.»:•?. roUou-ir^- . :* : in f | and wash, cells are lysed (e.g., in 
SD.S) Tcial lt\ ' s r.:: proteins are then incubated on the 
antibody micrcHv-.-y ,'or binding to occur before the slides 
aic scanned oy ..: upric?! reader. As a result, it was con-' 
firmed ihaf ine A-..-J i ' etl line over-expresses EGFR but not 
ErbH2. liktwi:-: i ;;s confirmed that the SK-BR-3 cell 
line over-expies ;.. • fiiT'Bi, but not EGFR. * • : 
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[0128] D. Post-Transiational ModiJicaiwv 

[0129] Protein function is often regu 1 .; :.eo by post-sraosla- 
tional modifications such as the sddii-ou sugar com- 
plexes, lipid anchors such as provide ■nyrisloyLition. 
geranyl-geranylationorfamesylation, -.:r by phosphorylation 
to mention a few. The regulation of i:r 2(1:1*1 fcnciioa by 
phoshorylation or dephosphorylation Is csn raJ in c:l! signal 
transduction. 

[0150] Methods of the present inyza' rzn be used :c 
study past-translational events or to ideni.'iy phosphoryla- 
tion sites. In a preferred embodiment, asioody fragments 
such as scFv are printed on Matrix- As:.* v. -i Laser Der-por- 
tion/Ionization (MALDI) chips for d?-: phosphoryla- 
tion of known and suspected phosph:iry\i .! -n sit?s in pro- 
teins. Coupling proteins to reactive sx:i\'.*z MALDI mass 
spectrometry surfaces was described in : J 'at. No. 6,020, 
208, and incorporated herein by ;;e + *:n^: .. The chip is 
commercially available from Cipher^ •■«, H-t-systec:* Free- 
mont, Calif. In an exemplary embodirr.tr.u ;:oosphospt.cific 
antibodies against the . apoptotic proteins licl-2, B id. and 
caspase 9 are coupled to reactive surface MALDI chips, and 
are used for selective capture of pho^ht i vl-aecl fragments, 
of these proteins. The chip can be analyses/ lor ma^s using 
time of flight mass spectrometry. 

[0131] Methods of the prese nt in ven 1 1 r* ■ .» rther n rovide z 
new way to detect the occurrence of a pros :y ruryla^'on event 
on a known or unknown phospho-3cctr:i':g, residue using 
recombinant single chain antibodies OjFv) coupled with 
mass spectrometry. This method has b.'-n ■« , mcd proximal 
phospho-affinity mapping, and serve* a - ' an all or; 1 alive 
method that does not rely on the use of \\ \ or the. use of 
phospho-specific antibodies, which are not .niously d inlet- U 
to make. 

[0132] Referring to FIG. 2, an eruboi u: no : i cf this ms food 
uses recombinant single chain antibo'.i-c.; (:.: • ; V), polyclonal, 
or monoclonal antibodies 30 that are des:?.t-?d to recognize, 
instead of a phorsphorylation site 70 itsstt. :v. epitope 50 on 
the same antigen that is in proximity w ths : o'losphorylation 
site 70, whether site 70 is confirmed or suspected lor 
phosphorylation. The epitope 50 may He as clos^; as 5-10 
amino acids away, as long as the diMaccv. between the 
epitope 50 and the phosphorylation sits 7') is such that 
antibody recognition is not hindered by a /^orspborylation 
event Such an antibody or antibody fra*n -.a :\t 30. which is 
coupled to a support surface 10 through u linker 20, will 
recognize the antigen 60 (e.g. a tryptic pepride) whether or 
not the antigen is phospborylated. In t.Ttaiplary embodi- 
ment, peptides are generated using proteases such as trypsin 
or V8, or by non-enzymatic methods, s\n:h as CNBr. This 
yields peptide fragments that can be iO? alined by their 
unique sizes. Among these fragments are. ;he target frag- 
ments 60 that contains known or predict u. phosphorylation, 
sites. Single chain antibodies or tradition; 1 antibodies are 
panned or immunized against synthetic peptides that corre- 
spond to an epitope region 50 that is cioso to the phospho- 
rylation site 70 in the tryptic fragment. C-.C ising standard 
panning procedures. The epitope 50 may cc^iist of as fe w as 
3-7 amino acids. The antibody or antibody thigment that are 
generated may be used as capture n'lO.'ci'ule coupled to 
MALDI reactive chips. The chips may s>»; used to detect 
characteristic mass shift indicative phosphorylation. 
Since this method enables parallel pitru;^: J^.videntification 



and a&alysi* of phosphor via Lon, it f-Sew valuabU cetec- 
tiun too 5 for phosphorylation sw>enin£. And because ine 
antibody or andbody fragment gecera:?: according to this 
xntrho.* reecgiuise*-" ths tai^el peptide 'it: o^il the pucspho— 
ry! sited and 'lnphosphoryiaied stale, this methoc* is also 
useful in studying events and conditions that affect phos- 
ph vylaiif.-n 

[Gl-'.33] h. a particularly preferred embodi.n-.int, the peptide 
60 is s.iJe\:k*J in the following way: kinase sub? urate 
cciTsensiis sequences we located ia die target protein 
through sjuwUs conducted in a oara!;as>e that contains 
prolan sequence information. Then, a peptide containing 
sucn consensus sequence is selected through comparing the 
digestion maps of various proteoses-peptides of about 20 
amino acids are preferred. Last, an epitope other than the 
kinase substrate consensus sequences on the selected peptide 
is encsen for raising an antibody or antibody fragment. 

[0134] ii. OV-imiar Orgincile 

[(C32] Methods of the invention can also be used to 
capture cellular organelle? crgarelles from whole cell 
extracts or from fractions of whole cell extracts. In a 
pretence! embodiment, an antibody ibai iv-ootnizesj. voltage 
dependent a.aion channel ("VDAC"") receptor unique. ly asso- 
ciated wrh the mitochondrial mem brace is primed as 
described earlier to capture Green Fluorescent -coupled cyto- 
chrome C expressing miiochondrla. Dyes mat have po ten- 
don etric quality can be used to speciiicaily label mitochon- 
dria that h^ve intact vou&ge gradient. The detection of 
capmied cr.;tocboiidria or other organelles ' from cells at 
different stales car- be used 10 indicate occurrence 01 apop- 
tosis or oifcer cellular events. 

[0136] E Others 

[0137] Methods of the invention may ako be usid for 
otliei applications such as ussu? lypini;. disease diagnosis, 
and cvaluutioc of tlierap'iulics. Bio :c-g Leal samples from 
pauems thiU may reveal generic disorders (PCV patent 
publication No. 83/11543, incorporated herein by refer- 
ence), may be used in the present invention. Likewise, this 
invention can be used to detect abnormality in protein 
expressions, the existence of antigens or *cxins in a given 
sample. Further, method? of the invention ecu also be used 
to evahiaie response* Iron; organism;;, tissues or individual 
cells to exposure to drugs, pharmaceutical lead compounds, 
or changes in environmental factors. 

EXAMPLES 
[0138] A. Substrate Surface Preparation 

[0139] (i) Method of Stripping Glass Slide and Rs-Pack- 
ing with P,c active Groups 

[0140] An example of this preferred method is as follows: 
first, a plain glass slide (VWR Scientific Products, for 
instance) is cleaned in a piranha solution (70:30 v/v mixture 
of concentrated H 2 S0 4 and 30% H 2 0 2 ) for 12 hours at room 
temperature. (Caution: "pin- aha" solution reacts violently 
with several organic materials and should be handled with 
extreme care). After thorough rinsing with water, the slides 
is treated with a silane solution, such as a 3%soIuticn of 
3-aimcopn>j>yluietboxysUine in 95% ethanol. And before 
treating the slides, the sibne solution may be stirred for at 
least 10 mii.ules to allow hydrolysis ar:d :>ilanol formation. 
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The slide is then brieiry dipped irj.cthanoi or Ivkx- solutions 
and centrifuged to remove cxces? silanol. The adsorbed 
silane layer is theT cured (e.y., one hour at 11.5° C). After 
cooling, the slide is washed in etbanol or like so In lions to 
remove uncoupled reagent. 

[0141] A simple , s e;- : I-q a in t Ua ;i\ e me lb ( i d c:li be a; (id t o 
Verify the presence of amino groups on the slide surface. An 
amino-detivatized slide is wished briefly with" 5 mL of 50 
mM sodium: bicarbonate, pH 8.5. Tiie slide can then be 
dipped in 5 mL of 50 mM sodium bicarbonate. pH 8.5 
containing 0.1 mM sulfo-succinimidyl-4-0-(4,4*-:limethox- 
ytrityl)-buiyrate (s-SDTB; Pierce, Rockforc, Hi.) nsd shaken 
vigorously for 30 minutes. (The s-SDTB sokilv n nu.y bii 
prepared by d:src!v:'nji 3.03 mg of a s-SDTB : u 1 mL of 
DMF and diluting :o 5'J MJ. wiib 50 mM suxjiii^i bica: bor- 
ate, pH S. 5). After i 30-n.unuto ir.c-:h;i!ion, '.he slice oar then 
be washed with 20 tt-.Z of cislilic^ wr.ier and subsequently 
treated v/i'-h 5 srT. of ?.or& perchloric acid. The ticvclopment 
of an orange-colored solution wil- indicate tba*. the slide has 
been successfully denvaiiztd with amines; rro aVor change 
has been seen for untreated giass slides. Queniitauon of ihe 
4,4' -dii uethoxy I ^ y i cmuoi> ( Ij. < 9Kr , ,= ; O.uOti M." 1 cir ~ 1 ) 
released by the acid ireaia'.eot bus indicated an approximate 
density of 2 a mint) groups per nrrr. 

[0142] B. Addiior, of I, laker* <..: Sub^rsics 

[0143] (i) BSAas I, raker 

[0144] BSA-Nra slides, displaying acLvju^i .-v.br. auci 
carboxyi groups e;i uv Surface of .m immobile;. J 3 tj.tr oi 
bovlac ostium tlbv-iiiin (USA), v.e--- fabric.;:.^ a.-, follow/;: 
10.24 y N^V'-diiucs.-ir.i'-rilcyl carbonate (100 mM) ,* rui 6.96 
ml iv,N-d:*sopropykthy!a:-iiire (; DO rnM) vere c'iw.vod In 
400 ml anhydrous N,N-dimtthyV;omiaruide (DMi 'i rainy 
poly lysine slides, sucb CIvJl^GaP slides (Coirini* Incor- 
porated. (\»ming. .W.), i.inlayirig amino groups on their 
surface, were in. rawed i:: ibis solution rVv 3 V at roooi 
tempera rj re. The:*^ slides were rinsed twice with 95'h 
etbancl and then imnewi! in 400 rrl of phosphate buffered 
saline (PBS), pH 7.5 containing I'.fc BSA (w/v) f lif \2 hr at 
room temreraru-e Slides were further rinsed tivice with 
ddH 2 G, twice wi-h 95'$ etbanol. and cemrifrgrd ai 200 g for 
1 mm -o remove excels solven;. Slides were i\v:z\ rainier* ed 
in 400 mi DMF containing i 0t> r:iM N.N'-uisucdtimidyi 
carbonate ,ind J.00 mM N.N-diisopropyletbylaimns to; 3 hr 
at room temperature. Si ides were rinsed four tin e* whb 95% 
ethane I and 'ceni.Ti"u*»t;d as above to yield K>A-'«J-t.> >-)id;:-=. 
Slides weie stored to a desiccator under v.icmuj-. jit'rocm 
temperature for vp .<.: -wo cre/iibs wilhou; .ooticea loss of 
activity. 

[0145J ( : i> A M; :e;v..-.K- Grj-jp ;is [.inker 

[0146] .Vfaleinridc-derjviitiscd sbde,s wert .Ti?s:uia:.:iured 
as follows: after a?c surface of a plain t;iii, s s ^lide was 
"packed ' (re-silmaied. i:V.»r inslance) as ocscvibr-d a ih« 
Example A(i), in* rcsj.ur^ slkK.-s wore tc*:yck<: ;cc m <li»-e- 
sized jiolydunerhyis. -...\a-?t: (PVXV;'*) reaclion '/c.~:^l:; One 
face c^cxi^h slidv: l-^uvjjJ wili: 2(> mM_ N-si-cjirrjuidyl 
3-maK-;n'ikio propior»i:(c- i: 50 c:.Vi Fod-.um Mc:irK;nare 
buffer, pi-: H.5 y for ;hi </■.?, hc:irs. (71, s .voh;*!cn wir r-r^-aivd 
by dissolving the N-succiriraidyl :-j'a]i:'n?ido propionate in 
DMf ; arc Lb en d?Vi!inn jO-.iV-ld v^ii* tr:ITer}. AiV."- ire liba- 
tion, ihe piaiti w-.ire //a-bed :.tver:d tim^s w:!.h distiiletl 
water, dried by cea-ri'^auo:;, vt.r. stored at roon: tempera- 



ture under vacci ^ umil further use. The resulting slide 
surface was equipped with a maleimide end. 

[0147] C Prep, ration of Binding Elements 

[0143] (i) Pro* . , ; io i and Purification of Cysteine-Tagged 
sclv 

[0149] The sc; : ; 5 binds to the extracellular region of 
the huccan ?Mrer .t:.. , ; :e;j c-erbB-2 with a Kd of 1.6xl0* 10 
M. This antibody v:-s isolated using aflSnity driven selection 
as described in S : al. (1996), 7. Mol Biol. 255(1):28- 

43. 

[0150] The geiv f r i he scFv C6.5 was then subcloned into 
a pUC-11 9 -(Hex - •-'••( is)-C?ys expression vector, which results 
in the addition of s r.exa-His tag followed by a single 
cysteine to the C v . OK -terminus of the scFv. The protein was. 
expressed and ;. viikJ using immobilized metal affinity 
chromatography '-MAC). Binding affinity mutants of C65 
were ^iadc by :>V:'.ia;/emzing the complementary binding 
region (GDR), affinity constants of the derivative 

Eu.t.v.i-s [f :6.5V-. (Kd-^^xlfT 9 ) and C65G98 (Kd- 
l.^>10" 9 )] ? w:v ' x ■ ;: : r.ined using BiaCore (described in 
Schier et .=.] '-.:>"(■':). The cysteine tagged scFv C6S, 
C6.5ML3-<-, in,! '> * GSf . were used to demonstrate ligand 
capture by scFv •-.s-hich have been chemically coupled to 
glass surfaces. *■ ! : reduced sulfhydryl of the COOH termi- 
nal cysteine of th-:-e serv yields a thiol that can be used to 
ecu pie !i:e sL*i-\' gi.s? surfaces that have been function- 
al ized with majt\: groups. 

[015.1] (ii) Rcr ^ : . an s^Fv for Conjugation to a Male- 
imide TJrivcr 

[0152*; Puafieif were reduced with 5 mM cysteamine 
(SJC1MA) for 1 1: ■ i= .'!5 C C. and exchanged into phosphate 
buffered saiiner- ; ). pH 7.0 using a P10 spin column. 

[0153] D. .As;:; . .. Z: i. ploying Microarrays 

[01541 (i) Scar 'r:g Slides for Fluorescence 

[0155] 5-Iiides : o;c scanned using an Array WoRoX™ 
slide scanrier (/. } Precision, Issaquah, Wash.). Slides 
were scanned u ; ;:;-.ij:uou of 5^m per pixel. Double filters 
-Aere employed i = ; .io;h the incident and emitted light. 
Flur-r-scei n finu; ^ -nee was observed using a FITC/FTTC 
excitation/emis.si(.r filter set, Cy3 fluorescence was 
observed using . ;'.T'Cy3 excitation/emission filter set, and 
Cj5 llinre^cenc : observed using a Cy5/Cy5 excitation/ 
envvsivo fjicer 

[0155] E . App \ ■. v : .. s of Microarrays 

[0157] (i) Aff r ay -rapture of Labeled Peptides on scFv 

Modifed CiIilSS '■i:-".*-!c*s. 

[v'.^S; Sieadv . .-d ■% i. ypsia cleavage of cell surface pro- 
teins w.is ;;.vfo.;--;: .i SKBR3 (human breast carcinoma) 
or SKOV3 cells «;:. T Z. usiag TPCX-treated trypsin. Tryptic 
diges'iS were e.-.v. vr> .-:■:! jsing MAIDI mass spectrometry, 
which is shown ; * ^ TP... 4A for SKOV3 cells. About 05 j& 
of the digest ww . a ivl onto a MALDI surface and embed- 
ded with mairiv . . i- "snag of cinnamic acid saturated 50% 
acoLcnifryl, 0.5 : Tv.";Vjur, and acetic acid. Digests were 
tic a fee" v/ith prt. . inhibitors and incubated with 1 /jg of 
purified 6x His-- \r *s\smsi the transferrin receptor ecto- 
domain. T he sc * \ -| -e^iide complex was purified from the' 
digests using >:t -rr \ s^pharose beads. The beads were 
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washed and then were embedded id ci::: arri. acid matrix as 
described above. The matrix eluted popiicU.-.. Were analyzed 
for mass spectrometry, as shewn in I r X. '-.:>. Tlu upiiope 
containing tryptic peptide was ideatilicd u. : *'.s- g the pepldent 
program from the EXPASY suite. For ;;m u<..i.i:-;.l i-xpcrimuu 
HA-tagged transferrin receiptor express :d ; JKO 'cells *vas 
immuno-precipitated using iiuti-HA coupled lo 

scpharose beads. The purified protein j.- - •i.tSplaced lirc/m 
the beads using HA-peptide and thtri . J wiir; iiui*ao- 
bilized TPCK-treated trypsin The set*"'.' <.v.^*.pi-rontu;\:M:i£ 
peptide was purified using the H7 scj-v » f U analyzed ibr 
mass as above and is shown in FIG. * ? .-C The u*insft;cted 
transferrin protein contain an HA epitope > : :iuence on it's 
amino terminal (intracellular domain). Viii: tag serves as a 
control for extracellular-specific labr.ir , 

[0159], Trypsin digests of the purified Irar* f;rrin receptor 
and of the cell surface proteins wiic tied with the 
primary amine reactive dye NHS-CY-5 ;tr»c -MAyzcd agiiinst 
PBS. The labeled peptides were the" jm:^;:! Lo a corcen- 
tration of 0.2 mg/ml in PBS with 10 viz/ail 3HA and C.QS'& 
Tween 20 and incubated on the sur}Vi; :> of glass slides 
which had been derivatized with ihe scr'v i^ii^st ihr trans- 
ferrin receptor (H7). Incubations weir vt ci*: : rr..od oven -i six? 
in a humidified chamber at 4° C. Binaj/ii; CY-5 labeled 
peptide was determined using a fluoresce i^c scanner. FiG. 
4D shows the result of the experiment wfce v the transferrin 
receptors are shown to bind to the H; sr;-V or varying 
concentrations. Because the HAepiior - v.-- on an intrac- 
ellular domain, the anti-HA IgG serves :i : jzative control 
here. 

[0160] (ii) Functionality Testing of % v.r v : ' ; jpkd : o M ale- 
imide-Derivatized Glass Slides 

[0161] Spots on a maleimide-deri\ -i--.:^ slide surface 
were outlined with a hydrophobic pui lo :<c y sairplos from 
spreading and 1.0 /<g of scFv mrac* :s describe ;Q 
Example C (ii) was then allowed to *,: ■• .. i-j to toe j^lauss. 
surfaces for 12 hours at 4° C. in a hurcjxny chamber. The 
thiolcontaining terminal cysteines readily a:'-: ch to the rnale- 
imide groups, presumably by a tfiiu -ihe: ! ..-.kagi;. Mono- 
clonal antibodies to cytochrorne-c ar:. 1 '' r :\ -2, and sc-Fv 
without terminal cysteines were trer.U J \, h 2-ic\ino:bi- 
olane.HQ (Traufs reagent) to introduce su-'r ydryl residues 
at surface-exposed lysines. These aT.::i'>;.' : .i*cs were than 
reduced as described above and ussd as ■.cnlrols. After 
coupling, the spots were rinsed 3x wiib : containing 2% 
BSA, 0.05% Tween 20, and 1.0 mM pi-mei enptoethanoi for 
15 minutes at 25° C. Cognate ligano or native coniro) 
were added to the appropriate spots 21 cor- -^lrraiinns rang- 
ing from 10.0 pM to 0.01 pM in PBS o^nuning 2%BSA, 
0.05%, Tween-20 and allowed to incunah- ;>»r 2 bours in r. 
humidity chamber at 4° C. 

[0162] In some cases, 40% glycerol i:> 8.cUv;d to the spot- 
ting mixture to facilitate the microarray -JfU of the scFv's, 
because the samples will not dry out ev^is -hen spotted in 
submicroliter volumes. For scFv C6.5 an; 1 . .^cFv F5, ¥)% 
glycerol had no adverse effect on the fundi >n of the scFv 
binding. 

[0163] The cognate ligand for scFvCo.:: is the purified 
erbB-2 receptor. The recombinant ecrodbir.sdu of erbB-2 
was expresssed and purified from CHO cj: : using standard 
techniques. NHS-CY5 monofunctionai c. : ,<. ;/\MERSHAM) 
was used to label the protein at a fiu;;i i.. : o!ar dye/pruieii; 



ra*io of 5.0 ihc j&bcliug; reaction -vas eurritt. out in C 1 M 
solium cari ::o M t: *j\ifk: for ?••} ^.n'.v.es ;U 25 c C. hnd 
e:i:l:uu^«:d :r:lo i l BS iii if:g j r'10 sp;,r; colurrn. Otlier proteins 
us/;f! as copse's (Brl-2. cytochroiTj'>r.. snd BSA) were 
similarly ln.bsled with CY5 as described, labeled proteins 
weie exa^ii.l'rd for irainu-nogsaicily by i :ir: : ."uno-prec:ipita- 
lion ci iiei with phage generated antibody or moiiocional 
auvit-odies :a.I were tben u.:id t ^ .Ugaadii to glasi coupled 
sci : v. I;7c ;r;»]J-7 cri»tcic5 were inc-it-ai-u Li t rangt 01 a uM 
to i hi i ; H*S ":'*txu 20 svlth 2^ B.Sv\fo/ 2 hc-^s t£ 25° 
C. in. u liu.aiidi ; .>' ■.liacibw i. C"V5 Iftbcko z:b£-2 w;.;j u^ed as 
a ncg£.Uvi conii'ci. 

f01fi4] After incubation, samples ^wre v ashed 3x2 nin- 
utes wilfc PBS. 0.05% TWeen 20 srid i x v.r.h ?BS. Sin-pics 
were allow :d :o ary and then iir;;Agt-c on a rnoJe<;ular 
dyn?.m:*c> S fORM usiau the excit«i;ion a; ?>40 nrrr 

[01G5] (ui; Smail Mcl^Liies ia Sigual 'iraj^sducu'en 

[0166] Re co -nb in ant fusivin proteins from the Be I- 2 f;imily 
of apoptosis regulating proteins were urepared by standard 
mHtuics ^ u:- luhiod on eitlu-.r B5A-NHS glass slides or an 
aktafcyde ci^r-vat^^i gi^* :isic\^. Pnjttxi v/ere -Minted at 
co 'j - l*u ! ra : io lis j - ;.r^Lsg ivoui 200 .Tucro^; i ;ufii per 

nailh'U'.or in a ir-iiiir v-jntai.-Ji\g 4C% giycciol. Priiitiag was 
pCifi-i^cied as described u^ing the GMS J 17 ring and pin 
pri trier. Fiv-les were loadud with the capture protein samples; 
96 v/e.U fiat!, s for orintirg \'iih the GMS< 17 printer. Proteins 
wcrt aUow^..- ic» ire abate the »e?.c:ti^e ^Jjdes for 12 hours 
u:ict i sli^r.iiy bydraMd coiulirions. ;.i 4" C. /J::ir tht- biiiOing 
rea>:vion ; *t: tiompl^tioa '.lie slice*;, verc tinsec* •-viih PBS 
ar*;: vai'it.li-j:*^ of the collate iigand IldsK-c! with fliiure^cent 
dy^s. Det2- : io^i was p^rfoi :ued usiii^ ths /vr-hywor^ optical 
retid^r. 

[0167] Toe oiinted proteia> were GST fusions of Bcl-XL 
ani.l ByVX and a 6;< hisUdine-tagg.ec-iic:-XL. Ligands for 
th<!;s proT-'iiis w«c the full length Bci-^'I proteitj aad the 
BH3 CvirjlaLcing [:c-|- iide froio the li::l-2 farrJJy proic.j BAIC 
Tht peptides were labeled wiib Alexa 48S and the full length 
prorein was labeled with CY5. The volume of liquid deliv- 
ered from the GMS printer is 50-70 pL per stroke repeated 
5 times. Protein delivered ranged from 350 pg to 350 ra of 
protein per spot. After printing, prote-ins 'vere allowed to 
incubatf. for 1 7. hours at 4 degree in a humidity chamber. The 
slides wort then washed with PBS and blocked with PBS 
wi;h 10% USA for 5 minutes. To deteonire the reactivity of 
tht surfaces and the coupling efficiency of ihc protein;-, the 
prt-seuc^ of the GST- fusion proteins w^re rrionitort:d using 
labeled an!»*-GST-:as autibiidy at t. agvz). 

[0.168] Lai;ei*:d p;-o*ein b'gands were incubated in a vol- 
umv; ov 40 u\ cc nt:*u:cd in au area of: i cai~ V>y a hytiiuphobic 
barrier. 

[0169] The slides were then rinsed and read using the 
Arrayworx t>cauocr. In addition, As shown in FIG. 5, which 
is l mass spectrometry profile, bindiug of a ligand by a 
Bax-GST protein is confirmed on the- let*., while non-binding 
by c. GST pre tern is shown on the right. 

[0170] FIG. 6 confirms the ability of an unlabeled small 
molecule (a BH3 peptide here) to compete a labeled ligand 
(Bcl-XL here) off the capture molecule (Bax-GST fusion 
protein). As shown in the four mass spectrometry profiles, 
with aa i.icrcasiug amount cf tht BB3 peptide, lesser 
binding between labeled iigand and Uitr ceptuie pioiein was 
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observed. This confirmed thai the interaction between the 
capture protein and the ligand was indeed attributable to the 
BH-3 domain. The same type of experiment was carried out 
using a small molecule that has been identified as specifi- 
cally enhancing BH3 protein-protein interaction, and 
enhancement in ligand (Bcl-XL) binding by a capture mol- 
ecule (Bak peptide) was observed as expected 

[0171] These experiments were then repeated using sev- 
eral peptides of the BH3 family as ligands to compete with 
three drugs known to affect Bcl-2 family member function 
at various concentrations. Bcl-XL was printed on BSA-NHS 
glass slides as capture proteins in each case. The detected 
fluorescence of the labeled ligand captured on the slide were 
shown in columns in FIGS. 7A and 7R, difovent drugs 
showed differential specificity for the two ligands from the 
same family. Fcr Bak (FTC 7A), inhibitory effects werr. 
seen in virtually Jill ihe cases, while; for Bid (FIG. 7B), 
PNAS cr «i relatively low concentration of anirn..ycia does 
not seem to inhibit its binding. This experiment c;u; be useful 
in mapping out a drug candidate's specificity regarding each 
member of a large family of target proteins. 

[0172] (iv) Cell Surface Protein Expression 

[0173] Monoclonal and scFv antibodies were printed on 
glass microarrays for detection of cell surface antigen 
expression in cancer cell lines. Antibodies to c-ErbB2, 
EGFR, and transferrin receptor wore printed on RSA-NHS 
activated glass slides. With the monoclona; antibodies, less 
than 2 ng/mL of recombinant antigen labeled wi'.h fluores- 
cent dye was detected. For antigen detection in ccM extracts, 
the cell surfaces of cancer cell lines were labeled with 
fluorescence using NHS-based dyes. This allowed ibe detec- 
tion of differential ce>j surface expression of ct-rbB2 and 
EGFR on several cancer cell lines. The transferrin receptor 
was not detected using the direct labeling approach; how- 
ever, when a micro-sar.dwi^i approach was employed, also 
the transferrin receptor was detected. 

[0174] Monoclonal antibodies to c-ErbB2, EGFR, snd 
transferrin receptor (TfR) were arrayed on h GMS 417 
arrayer. Trie artibodies were spotted in 409 glycerol to 
prevent drying -nt or the spots onto BSA-NKS slides. 
Antibodies were allowed to react with the slide overnight in 
the cold. The resulting spot size was about 350 micrometer 
with a sp?cing of 375 micrometer (center to ccrrer). 

[0175] Slides *sru blocked ibr 30 miumss hi 0.5 M 
glycine and then in BSA for _ another 30 mirmxs before 
samples were added. When multiple samples were pro- 
cessed on a single slide, groups of antibody snots were 
separated by drawing with a hydrophobic pen to allow up to 
24 sainpies to be processed per slide. Alternatively, the 
groups of antibody spots were- separated using in adhesive 
TefloD musk alk-wJng 50 or Tzore samples :o be rirocssssd 
per slide. 

[0176] The samples were usually labeled with Cy3 or 
Cy5-NHS dyes for one hour at room ternr/ei^tinc and 
un-reacted dye is removed by gel tiltraijoa. Tne eel* lines 
used in this study wore the breast adenocarcinoma cell line 
SKBK3 and ihe cpji-sriuoir carcinoma cell lir e .A -431. Celi 
surfaces v.-cre labeled issir-g the dy<:. fluo:escLi:.i-?rx. ; 2000- 
NHS (Shc.'iTwateO, al it' nig. 'ml. in ?BS for two hc;:irs on :ice 
and ur.-reacted tl\v. w?i* removed by washing the cells before 
solubinzing in 0.25% SDS in TBS. Rccembinrxt protein 



antigens were incubated in 2% BSA in 0.1% tween-PBS. 
Cell lysates were iocubated in the lyses buffer without BSA. 
Following incubation with the samples for two to three 
hours, the slides wire washed 4x10 times: 20 times in TPBS, 
then 20 times in .PUS. by rapid submersion in a beaker 
containing the w;.sh buffer. The fluorescence was detected 
using the Array V-oRx slide reader. 

[0177] Sensitivity: 

[0178] Microarrays were incubated with serial dilutions of 
ErbB2 labeled wiiii alexa488 and EGFR labeled with Cy5. 
After washing, the slide was scanned on the Array WoRx. As 
shown in FIG. except for TfR antibody #3, all the 
antibodies were ?h!e tc capture ErbB2, TfR, and EGFR 
respectively. Pro? .in capture was detected at a dilution as 
low as 1.6 ng/rrtt 

[0179] Detection of Cell Surface Antigens: 

[0180] The brt.. .si adenocarcinoma cell line SKBR3, and 
the epidermoid ^.rcinoma cell line A-431, were grown to 
confluence and the cell surface labeled with the dye fluo- 
rescein -PEG2000NHS . Following labeling, un-reacted dye 
was removed by washing the cells and the cells were lysed 
in 0.25% SDS. Tf L:J 1 ibeled protein (corresponding to about 
50.000 cells) was :lu:n incubated on the antibody microarray 
for two hours an. J *hc slides scanned on the Array WoRx. As 
shown in FIG. 9, 'h:- A -431 cell line over-expresses EGFR, 
but not ErbB2; end 'he SK-BR-3 cell line over-expresses 
ErbB2, but only ; x presses low levels of EGFR. This differ- 
ential expression .1 (he two receptors in the two cell lines is 
ojiiriVmed by by f!rv cytometry (e.g., >10 6 EGFR receptors 
per cell in A-43 1 :Hls). 

[0181] In a dijf :/cr.t approach, the cell proteins were not 
labeled directly i:l; fluorescence. Instead, instead, antigen 
binding to the t<\ v was detected with a second fluorescent- 
labclsd antibody t:; ! T .;e antigen. The sensitivity of this 
"sandwich" dsl .:•.*!. "or. approach was similar to what was 
observed for the dire-.tly labeled recombinant antigens. 

[0182] la one ;:x>eriment, antibodies were printed as 
before in microarrays and incubated with unlabeled antigens 
for two hours. Birring was detected with a second antibody 
to the antigen lac*. b.x\ with Cy5 (for detecting EGFR) or Cy3 
(for detecting TiW). Hot-nils are shown in FIG. 10: mono- 
clonal antibodies x-i listed in the legend exhibits good 
sensitivity at abo:i 25 ng/mL. 

[0183] The sac c s.tnrwich approach was performed using 
phage displayed : :ii N -*>dy such as scFv F5 labeled with Cy5. 

[0184 j For de'ccncn of antigens in cell extracts, cell lines 
(A431 or SKBR -'•) were lysed in 0.25% SDS and extracts 
were incubated w.ih ihe antibody array for two hours. After 
washing, bound «r.tig«n was detected with fluorescent 
monocional p.ntib-Khu*-; (for EGFR and TfR) or phage anti- 
body (for ErbB2 ) A*. shMwn in FIG. 11, using the sandwich 
approach, all tlvr : nrigens, EGFR, ErbB2, or TfR, were 
d»*.rcc'.cd in bclh Ivsates. The anti-EGFR antibodies 
detected the difT retrial expression of ErbB2 in the A431 
and SK-BR-3 c.-7 ;in*.s (>10 fold difference). Like wise, the 
auiiHrbB2 phaa ; .miibcdy detected the difference in expres- 
jitn ';:.* ErbB2 in r-.~ iv.-j cell lines. As expected, in the case 
of tr&rsfcirin ret. :ptor expression, no major difference in 
expression was :d between the two cell lines. 
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[0185] All documents, patents, publ^aiier. sited above in 
the specification are herein incorporate c by icfereaci;. Vari- 
ous modifications and variations of the pit sent invention . 
will be apparent to those skilled in -he . i ; U : .nu departing 
from the scope and spirit of the invtsuicj Although the 
invention has been described in Lcnii u.i- : i- with specific 
preferred embodiments, it should to :iM,:...lood thut the 
invention as claimed should nov be Uii .tt j_- Umiud lo such 
specific embodiments. Indeed, various mo; locations of the 
described modes for carrying out tht: urwrijiion which are 
obvious to those skilled in the art are b?,?ny^'l to be within 
the scope of the invention. 

What is claimed is: 
-■' 1. A protein microarray, comprising: 

a solid support; 

a linker covalently attached to said .v;-ik- pporU a;:d 

a protein or protein fragment bavir :, r ;>.- minus that is 
capable of forming a covalent bond - said linker. 

2. The microarray of claim 1. when, i-: V terminus is <* 
carboxy terminus. 

3. The microarray of claim 1. - where r-> • • solid supr-ou 
is glass. 

4. The microarray of claim 1, wlie;;: i : kl linger com- 
prises a maleimide group. 

5. The microarray of claim I, whereto. ■ : A linker com- 
prises a vinyl sulfone group. 

6. The microarray of claim 1, where - -id linker com- 
prises a N-hydroxy succinimide group 

7. The microarray of claim 1, whir:'.. ?, said protein or 
protein fragment is an antibody or an lib w\ r fragment. 

8. The microarray of claim 7, whu-:i:, s-iid antibody or 
antibody fragment is a single chain \ : ; ; . 

9. The microarray of claim 1, wherei. ' . aicioarriiy iia^ 
at least 1,000 spots per cm 2 . 

10. The microarray of claim 1, vv> :;ud microarray 
has at least 2,000 spots per cm 2 . 

11. A method for attaching a proteir. ^ :. uppon surface, 
said method comprising the steps of: 

(a) covalently attaching a bovine seru.-c =; ;mm molecule 
to a support surface; 

(b) forming an activated carbamate fjrc* -p or activated 
ester group on an exposed surface ... ■ .» molecule; and 

(c) exposing said activated carbarn. uroup or .said 
activated ester group to a binding eu... .^-nt comprising 
an amine, thereby forming a cov bond oeiwier. 
said carbamate or said ester group >t > : i \ molecule, and 
said amine group of said binding vinr-zni. 

12. The method of claim 11, wherein U forming step 
comprises exposing said bovine seruni Jnvniia to a reagent 
to form a N-hydroxy succinimide group 

13. The method of claim 11, whereir r.. t Id > : nding element 
is a protein. 

14. The method of claim 13, where i'i ! protein is an 
antibody or antibody fragment. 

15. The method of claim 14, wherein >..iid antibody or 
antibody fragment is a single chain a;i*.: : boi.-y. 

16. The method of claim 11, further o.i- uprising the step 
of blocking any of said activated carbamu. ir ester groaps 
that have not bound to said binding ek-nn-M. 

17. A method for attaching a proiein tc -iupocirt surface, 
said method comprising the steps oi": 



(«) piovlc.iiig a support -<i.:face c<»xp vising a firsc cnemi- 
ciu grx-p a\ wii&tb reaction; 

(h) provj.Put' 3 capture protein compiling a first terminus 
and z se-::cnf. I ermines, said first ter^a'.^us capable, of 
hindi'-i-Tto a lir.and. said second tormi^as comprising a 
second cb arrival group; and 

v_J fencing a v.:>valenl bund he ;\vet.i* sj.ic ; first r.hemical 
gr -;-v ;i tra ' s id se c j :~ : i vhe k*a 1 ^ici :p ? ■ hereby at. ach- 
ing .saul capture pwiin it :V -avpp-:! • surface at said 
second terminus of said capture piOieiu. 
1 1. 'i iic tViCuiioo Of cifr.iui 37, wherein .mic. capture protein 
con.ro rises :< Urrminai cysteine. 

}.':. V&i mocked of ci.uim L8, wherein said terminal 
cysuin.* i>: .. « .» f;u:hoxy tc-cainal. 

2&. V;ic; ii-jiiiihod of claim IS, wherein said forming step 
corupriic6 chemically rec^nciiig stud cysteine. 

21. A iu^-jjO to: ^letiljiyiGg a ii^aii aiiuocule refexuaiurof 
protein uir«ilir:g, i:>c uieih.'-J :x>mpiisL"ig 'tbz ^ieps ol 

(?) ai!schin^ a capture protein (in a support surface: 

(!*) ex-.f .iiii?^ s.t id bubsu^tc lo a i.-^s.nd f: r said capture 
prcicui an J ai leasi ::ma-I .uolectlc; and 

(c:) .le'e^vin^ 'he prercac: or the v±se*ice of binding 
bflv*'-.:n :iaid capture protein and .^.id ligand. 
'!>.s Ffurhcd of claj-p. 11, w^rei-i step (a) comprises 
attai.hincr s?id cai»T.ure pro- t in on & BSA-'NHS slio*;. 

2'5. The m^:hod of ctaiin 21, wherein step (a) comprises 
functiooalv/irtj? said support surface with H.fdehyde groups. 

h\. The miihod r.-f Ciaim It, f ^fiin s»cr (a) comprises 
attaching > \\C caj:-vj.ru pn^icin in n a;ic:-.>:ir-'ay cf at least 
1,000 >rTc\s p: r cln". 

*!1u- ::»e!b< :" of cli-im 2K fi.irh-: " coityrisir?: fising 
sait? capture prote»!5 in a O-ST p^iein. 

26. TiiK method of clam 21, further comprising detecting 
said bindirr 1 between savit sajiture proieia and said ligand 
through i\ $ *JiTescer.t dyt. 

.27. The ru:ihod of clsim 2G, wherein said fluorescent dye 
comrisss ?■ hydrophilic poiymer irp.?it^!y. 

T!?e rr.etbod of clrtirn 27, wherein -said moiety is a 
polyethylerteg-.yccl. 

29. The rne^od of claim 21, wherein step (c) comprises 
deducting $ii.'.d binding be [-.vecT! s^d cap lure protein and said 
ligand ihrot-gu a labeled phage particle dispiaying in anti- 
bo Jy fiagnviii:. 

M). Tho r tithud of ch:m 21, v s h'.-r?.iu <i •'■d ligand rrcm- 
priscs a fi icily o? related proteins. 

31. Tne method of claim 30, whersrn said ligand com- 
prises the Bc]-2 family of proteins. 

32. The method of claim 21, wherein said capture protein 
comprises « family of related proteins. 

33. A niched for identifying i small noi scule that selec- 
tively all'ecis a ceilular paihway, the method comprising the 
steps of: 

(a) attach; ns; a microarray of capture proteins on a support 
surface, said microarray comprises proteins that act in 
a cellular pathway; 

(b) exposing said substrate surface u> ai least crtc hgand 
or said caprure proieinsS and at ieast one small molecule; 
and 
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(c) detecting a change in bindicg between said capture 
proteins and said ligand, said change resulting from 
interaction with said small molecule. 

34. The method of claim 33, wherein step (c) further 
comprises using mass spectrometry to quantify $aid change. 

35. The method of claim 33, further comprising detecting 
said binding betwceo said capture-- protein and said ligand 
through a fluorescent dye. 

36. The method : f ^laim 35, wbevein said fluorescent dye 
comprises a hydropbiiic polymer moiety. 

37. Tne method of claim 36, wherein said aioiety is a 
polyethylensglycoi. 

38. The method of claim 33, v/herein step (c) comprises 
detecting said binding between said capture pioteia and said 

. ligand through a labeled phage particle displaying an anti- 
body fragment. 

39. The method of claim 33, whsreiu step (a) comprises 
attaching said capture proieins on a BSA-NHS slide. 

40. The method ot ciaini 34, wherein step 00 comprises 
attaching said capiure protein in a inicroitrra*-' of at least 
1,000 spots per cur. 

41. A method fcr iane-iing an antigen, said method com- 
prising: 

digesting an 3n;ig*:n ^/iih a prjtr.; 5c: thereby k> p.^duco 
multiple peptides such that nt least one of s.aid peptides 
is capable r-:T::ecex\ine a Ubel c < a region c f srid r-epride 
that doss P*;t interfere with binding bc-.t-.Vi; en :n epitope- 
c: f.3 id peptide and an antibody or aiirilifidy fragment. 

42. Tb-; method of claim 41, further comprising using a 
succinics JyJ tshu dye to l ibel s?.vd peptide. 

43. The methr.c of c)'dr\ 42, v/hc-=i;n said mk; rn mid yi 
ester dye is Cy3, Cy5 or an Alexr dye 

44. The method of chirr, 41, funh;;r ccnipr': : ii'£ iabfciir.g 
only a terminal primary amine of sa;ri peptide, wherein said 
epitope is internal. 

45. The method o\ i:iaia : 41, further comprising digesting 
said antigen with trypsin. 

46. A method tor detecting a phorsptiory u-t* d protein, ih« 
method: comprising ihe steps of: 

(a) fragT?entn:a ? dida^ pri:*ein it* to i ^hirclily of 
peptides covnnru-in^ •* target riptide, Ibe t::r£rt p?pMdc 
comprising a phorsphorylation site; 

(b) exposing said plurality of peptides to ?r. antibody or 
amibody Fragment having aruruiy tor an epitope on said 
tavget peptide adjacent to said phosphorylation site; 

(c) selecting uuh.) uirge; peptide based on afiii;:;y of sa.'.d 
Urget peptics for ssid 3ntibcdy or antibody fragment; 
ar.d 

(d) collecting ra**.sp spectrometry on .snid target peptide 
to dc ;ecrth« pre.seo.ee or a SKbst;f of s-aid p cote in that has 
been phorspt-oryJaled. 

47. The metb"d rf rlavri wbercfn fr.) ^orer-riscr. 
digesting snid crrd. : d;*c; poiein vi-t- : < p/nic^. 

48. The tnethnd ,:<f c' vrrt 47> -,vh;rcin ths protease is 
trypsin 

49. The merbtjC cf Ctom f\>rhi;r conrt>ri<dr?v p?.nni>?§; 
an scFv c gainst ?>i \d ^pix\'>i. 

50. The metho * of chi:n 46 win rein si:..*-: ;:o emprises 
imrnobil'r.'^g ::.a"f! -u -iNcdy or antibody fr.i^mt.n; lo r. soVd 
suppor-:. 



51. The method of claim 46 wherein step (d) comprises 
detecting a chaf:^ in the molecular weight of a subset of 
said target peptku 

52. The meth: \ : ol claim 46 wherein step (d) comprises 
conducting MAL-'-I u-tss spectrometry. 

53. The melhi*'i of claim 46, further comprising immu- 
nizing a nionock rril iir.tibody against the epitope. 

54. The meth:-;" of claim 46, further comprising immu- 
nizing a polyclor ar.cibody against the epitope. 

55. Tne metho J of" claim 46 wherein the epitope is less 
than 15 amino a.: Ids away from the phorsphorylation site. 

56. The method of claim 46 wherein the epitope is less 
than 10 amiro *c id« away from the phorsphorylation site. 

57. The met fro *;»f .iaim 46 wherein the epitope is less 
than 10 amiuo -ds, 

58. The mem xi of claim 46 wherein the epitope is less 
than 5 amino aci» ;.; 

£9. A method ^1' studying a cellular event, the method 
comprising the > .-.;•*; oi*: 

(a) ai t aching. ,i i.:-.rcurt: molecule on a support surface, said 
eaptvrc ino' ; having affinity for a ligand; 

(b) exposing :s? -si: nitrate surface to a solution contain- 
ing a ccfilu; ;»r quelle, said ligand associated with a 

surface of >a :i -^rg&uelle; and 

(z) capturing iv d i.-rnanelle through binding between said 
capture mo' •■■■■a-.I- v..nd said ligand. 

<?!>. The mc*V.:--:" 0** c'nim 59, wherein said capture mol- 
ecule comprises ; pro»tin. 

f-1. 1"he mut;r: ? ;v«' -iaim 59, wherein said capture mol- 
ecuk comprise-. • ur: ioody or a fragment thereof. 

6'2. Tne meth v.. of cirtim 59, further comprising studying 
a protein asGocir. - J \vi*h said captured organelle. 

63. Ths meth . . :;laim 59, wherein said organelle is a 
mitochondria. 

64 The melt A ^ [ .:'ialm 63, wherein said ligand is a 
voliagc-. dcpc-cVr^ wicr. channel receptor that is uniquely 
associated with i . - ;rilochondria membrane. 

65. 'in;; Liilhi J m" Jtaim 59 wherein said solution is a 
Yvholt--ce.iJ ejiUo:. .. 

The mcuii .! of claim 59 wherein said solution is a 
fi action of a wia. :. -<_eii extract. 

67. Hie mcihoi • of c^:_rn 59, further comprising detecting 
said ctpiunng iMJ i'.! a iiuorescent dye. 

6c». "j^De nmihcO • >:' cirtiin 67, wherein said fluorescent dye 
comprises a hyc;.-. ; ;i;iiir. polymer moiety. 

69. The method <A claim 68, wherein said moiety is a 
p o'i yt't b y ienog ;y c- ;!. 

70. The uieth-:*.; oi ciaim 67 wherein the dye has poten- 
tiomeiric ^uaiivy lor recognizing intact voltage gradient of 
said oiganelie. 

7J. Th'i meth,.:-:. cl c::aim 70 wherein said organelle is a 
mitochondria. 

72. The meth : uf c'aim 59 t fiiither comprising detecting 
said canti-ring thi jg.? = labeled phage particle displaying an 
antibody £ragn?i:t.;; 
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